Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



f 




1 



Chemical Libracy 






I 



PORTLAND CEMENT 



Portland Cement 

ITS MANUFACTURE, TESTING, 
AND USE 



D. B. BUTLER 




UonQoiti 
E. & F. N. SPON, Ltd., i2S STRAND 

SPON & CirAMBERLAIN, li CORTLANDT STREET 



i 



O 

CO 

CO 

o 



CONTENTS. 



MANUFACTURE OF PORTLAND 

CEMENT. 

CHAPTER PAGE 

I. INTRODUCTORY I 

11. RAW MATERIALS lO 

III. WET MILLS . . . 29 

IV. DRYING FLOORS AND KILNS 7 1 

V. DRY MILLS AND WAREHOUSES . '103 

VI. DRY PROCESS 1 47 



TESTING OF PORTLAND CEMENT. 



I. INTRODUCTORY 



II. SOUNDNESS 



in. FINENESS 



IV. TENSILE STRENGTH 
V. SETTING PROPERTIES 
VI. WEIGHT, SPECIFIC GRAVITY, AND COLOUR 
VII. CHEMICAL COMPOSITION 



VHI. ADULTERATION 
IX. SPECIFICATIONS 



160 
169 

185 

222 

240 

268 
281 



vi Portland Cement. 



USE OF PORTLAND CEMENT. 

PAGE 
IMPORTANCE OF MATURING BEFORE USE . . . .293 

SELECTION, CLEANLINESS, AND PROPORTIONING OF AGGRE- 
GATES 297 

EFFECT OF EXTREMES OF TEMPERATURE .... 302 

SEA WATER AND CEMENT 312 

GENERAL REMARKS 317 



APPENDIX. 

ANALYSES OF SUNDRY RAW MATERIALS . . . . 321 

GERMAN STANDARD SPECIFICATION AND RULES FOR TESTING 330 

FRENCH GOVERNMENT SPECIFICATION .... 340 



INDEX 353 



k 



\ 



PREFACE 



■T»iL **->.♦>*-- 



From the number of inquiries he has received during the J 

past four or five years, the author has been encouraged in 
the belief that an up-to-date treatise on the Manufacture, 
etc., of Portland Cement would be appreciated by those 
interested in the subject ; and in preparing this work he 
has endeavoured to give a practical description, based 
mainly on personal experience, of what its title implies, 
viz. the Manufacture, Testing, and Use of Portland Cement 
Many points have doubtless been mentioned which, 
to the experienced manufacturer or user, may seem super- 
fluous, but to have omitted them altogether would have 
rendered the work less complete, and therefore less valu- 
able, to those with a limited knowledge of the subject ; 
the author, however, is sanguine enough to cherish a hope 
that even those who are well-informed may be able to 
glean a few hints of value. 
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MANUFACTURE. 



CHAPTER I. 

INTRODUCTORY. 

Portland Cement was the name given by Joseph 
Aspdin, a Leeds bricklayer, to the artificial cement which 
he patented in 1824, owing to its fancied resemblance in 
colour and texture to the famous building-stone quarried 
at Portland. This cement as he originally prepared it, was 
obtained by lightly calcining a mixture of lime and clay, 
and grinding the product ; a factory for its production was 
established by him at Wakefield in 1825, and we read of 
the cement being employed in the Thames Tunnd by Sir 
I. K. Brunei in 1828. It is hardly necessary to add that 
this cement differed very considerably from the Portland 
Cement of the present day, inasmuch as the calcination was 
not carried to that point of incipient vitrifaction which is 
now recognised as the essential feature in cement burning, 
in order to convert the mechanically mixed raw materials 
into the requisite chemical compounds. All the earlier 
experimenters seemed afraid of pushing the calcination 
to clinkering point, and some of them even took the 
trouble to carefully pick out and reject all those portions 
which showed signs of commencing to vitrify, and which, 
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2 The Manufacture of Portland Cement. 

according to modern knowledge and experience, were 
the most valuable products of the kila Two years after 
the registration of Aspdin's patent, viz. in 1826, Major- 
General Sir C. W. Pasley, who had been appointed lecturer 
on architecture, &a, at the military school at Chatham, 
commenced his experiments and researches at Chatham 
Dockyard, and it appears that he was not aware of the 
existence of Aspdin's cement until some years later. 
Pasley's aim was to produce an artificial hydraulic cenient 
which should be equal or superior to the natural or Roman 
cements, at that time about the only hydraulic cements 
available, and in 1830 he succeeded in producing a very 
good article, which he used for various experimental pur- 
poses with perfectly satisfactory results. The materials he 
used were Medway clay and the chalk found in the neigh- 
bourhood, though the use of the former was entirely owing 
to chance. His preliminary experiments had been made 
with chalk and brick loam procured from the neighbouring 
parish of Darland, and as they did not lead to any satisfac- 
tory results the matter was abandoned. Some time after- 
wards, in order to satisfy the wish of a brother officer, who 
had come to examine his methods of testing natural 
cements and limestones, he recommenced his experiments. 
His stock of brick loam being exhausted, he gave orders to 
the soldier who was employed in the experiments, to use 
ordinary clay, and, by a fortunate chance, the blue Medway 
clay was made use of, which at thaft time was used by the 
Engineers for securing their fuses in military mining. The 
results obtained in that series of experiments were so satis- 
factory as to induce Pasley to again take up his researches 
in the matter, in which he afterwards achieved considerable 
success. Contemporarily with Pasley at Chatham, Frost 
established a factory at Northfleet for the production of 
artificial cement, and his works, which were afterwards taken 
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over by Messrs. Francis and White, were the forerunners of 
the great factories now forming a staple industry in that 
neighbourhood. 

The chief competitor of the infant Portland Cement 
industry at that time was the so-called Roman cement, 
produced by highly calcining and grinding the septaria 
nodules found in the Isle of Sheppey and elsewhere ; and 
as this was a very profitable business, it is easy to under- 
stand that the new cement was strenuously opposed. The 
new material, however, gradually gained ground in the 
confidence of engineers and others, and, as its quality im- 
proved, it by degrees drove the natural cement out of the 
market for all important work, though Roman cement is 
even now considerably used where a very quick setting 
hydraulic cement of no great strength is required. The ex- 
periments of the late Mr. John Grant, of the Metropolitan 
Board of Works, in connection with the London drainage 
works, in 1859, subsequently gave the industry a great 
impetus ; and both manufacturers and users of Portland 
Cement are largely indebted to him for the knowledge 
they now possess of the properties and peculiarities of this 
important constructive material. 

Although at the present time there is still room for 
much improvement, the method of manufacture of Portland 
Cement in the early days was of the crudest possible 
description. Crushers of the familiar type now in use 
were then unknown, and instead of the present method of 
mechanically crushing the clinker, and raising it by means 
of elevators to the required height for feeding into the 
grinding machinery, the material as it came from the kilns 
was broken with a hammer small enough to be fed into the 
millstones, and then placed in sacks for conveyance to the 
millstone hopper. The ground material as it came from 
the stones, if it was stored in the warehouse at all, was 

B 2 



4 The Manufacture of Portland Cement, 

wheeled away in barrows, and piled Into a heap with infi- 
nite labour ; and what was considered well-ground cement 
in those days would now be scornfully rejected by the veriest 
speculative builder. 

The first important labour-saving improvement was the 
adoption of the semi-wet process of mixing the chalk and 
clay, patented by Goreham in 1872. By this process a 
much smaller quantity of water is used for the preliminary 
mixture of the raw materials, the final combination being 
effected by passing the rough mixture through millstones ; 
the thick slip is then conveyed by pumps direct on to 
the drying floors or kiln drying chambers, thus saving the 
labour consequent on having to dig the mass out of the 
settling backs and wheel it to the drying floors, which was 
entailed by the older wet process. A further economy in 
cement production was Johnson's patent kiln, which utilised 
the waste heat from the calcination of the clinker for the 
drying of the next load of slurry, thus doing away with 
separate drying floors and their consequent expense in fuel 
consumption. There is probably something to be said both 
for and against this method of drying slurry, but, as it has 
been almost exclusively adopted in some form or other by 
cement makers throughout the kingdom, there is not much 
doubt that it is a success from an economical point of view, 
if not from the quality of the resulting clinker. Labour- 
saving devices of all kinds have now come into general use, 
and, except in loading and drawing the kilns, the former of 
which under present conditions necessitates skilled labour, 
the material is not touched by hand from the time the raw 
materials are placed in the wash-mill till the finished cement 
is delivered into the warehouse, ready for despatching to 
the consumer. 

The proportions of raw materials used in the manu- 
facture of Portland Cement in the early days were entirely 
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governed by rule of thumb ; a fixed proportion of each was 
fed into the wash-mill, irrespective of their condition, and 
although some rough check was kept, by testing the finished 
cement in a more or less slipshod manner before delivery, 
if any error occured in the proportions used, it was not dis- 
covered until the whole process was completed and the 
mischief done. As will be seen in the following pages, the 
methods now in use for checking and maintaining the correct 
proportions of the raw materials, enable an accuracy to be 
attained which, in the early days, would have been considered 
little short of wonderful. The aid of the chemist has been 
enlisted, and by very simple means the proportions of the 
raw materials and their proper combination are kept in 
check. Most large manufacturers now employ a trained 
chemist on their staff, and those whose works are not suffi- 
ciently extensive to warrant such expense, at all events 
recognise the value of having periodical analyses made 
of both their raw materials and the finished cement. 

In consequence of the more exacting demands of the user 
in that direction, the grinding of cement has been steadily 
improving during the past few years, and in this particular 
the English cement trade has made enormous strides during 
the last four years. It is evident that, apart from the other 
advantages of fine grinding, the finer a cement is ground, 
the greater the amount of surface it will cover, and there- 
fore the larger proportion of sand or aggregate it will bear. 
The late Mr. Grant was one of the first to recognise this 
important feature, and he willingly paid a considerably 
enhanced price, consequent on the increased cost of pro- 
duction, in order to obtain a material fine enough to meet 
his requirements. 

The present method of testing the quality of cement 
has been gradually evolved from the researches of the 
earlier experimenters. Vicat in his time was content to 
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test the hardness of his lime mortars after setting, by noting 
the amount of indentation made by a blunt needle of a 
certain weight falling upon them from a certain height. 
Later on, Smeaton tested the hydraulicity of his limes by 
making them into balls, placing them under water, and 
noting whether they hardened or disintegrated. Liter still, 
in Pasley's time, the cementitious value of a cement was 
ascertained by sticking bricks together with it, one at a time, 
projecting horizontally from a wall, that being considered 
the best cement which would bear the greatest number of 
bricks stuck together in this way. Although in some in- 
stances a great many bricks were thus joined together, it 
did not seem to occur to those engaged in such tests that, 
as nearly all cements increase in strength with age, the time 
which elapsed between the addition of each brick would 
materially affect the result. Pasley's own method of te;^ting 
the artificial cements which he made in his experiments was 
rather primitive but certainly practical. After cementing 
two bricks together, and allowing them a certain time to 
harden, he suspended them from an artillery gin or tripod, 
by a pair of nippers or claws fixed to the upper brick ; and 
placing a similar pair of nippers on the lower brick, attached 
weights thereto, and ascertained the amount of weight 
which was necessary to pull the joint asunder ; in some 
instances he found that his bricks gave way before his 
cement joint From these experimental tests doubtless 
sprang the present method of testing for tensile strain, and 
the many accurate machines at present in use for ascer- 
taining that property. 

Grant was the first to go thoroughly into the question 
of cement testing, and his experiments and researches 
have stamped him as an authority on the subject. The 
late Henry Faija followed closely after Grant in most 
things, though he totally disagreed with him as to the 



Introductory. 7 

utility of the sand test, maintaining that it first involved 
the testing of the sand, and was valueless as a compara- 
tive test unless the same quality of sand could always 
be guaranteed. Faija was the first to carry out cement 
testing in a scientific and methodical manner, and many 
machines are at present in daily use for that purpose 
which bear his name. He was one of the first to point out 
the paramount importance of the soundness of cement, viz. 
freedom from disruptive agencies within itself; for, as 
he rightly maintained, no matter what excellent qualities a 
cement may possess in other respects, such as fine grind* 
ing and tensile strain, if it contains the germs of disease, so 
to speak, within itself, and eventually crumbles and disin- 
tegrates, it is evidently of lio use as a constructive material. 
Speaking of Portland Cement generally, Faija was wont to 
express the opinion that if a cement was sound and well 
ground, it was almost invariably strong enough for any con- 
structive work in which it might be used. 

The Portland Cement industry having originated in 
England, the English manufacturers for some years pos- 
sessed a practical monopoly of the article, at all events 
as r^^rds export to non-cement-producing countries ; but 
where suitable materials were found, cement works gradu- 
ally sprang up on the Continent and elsewhere, and now 
competition is very keen between English and Continental 
makers in the foreign and colonial markets. 

The table on the following page, which shows the quan- 
tity of cement exported from the United Kingdom from 
1855 to 1898, and its value, may be of interest It will be 
seen that the exports showed a steady increase up to 1889, 
when they began to decrease, and, with the exception of a 
slight spurt in 1897, ^^ive generally continued to do so up 
to 1898. The author has not been able to obtain reliable 
statistics as to the total output of cement in the United 
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Year. 


Tons. 


Volae. 


Price per Ton. 


185s 


35.193 


99.530 


J. d. 
56 6 


i860 


79,217 


214,674 


54 2 


1865 


112,876 


285,898 


50 7 


1870 


150.444 


366,199 


48 8 


1875 


245,982 

1 


642,814 


52 : 


1880 


277,490 


692,875 


49 " 


1885 


367,89s 


811,000 


44 I 


1886 


425,880 


862,052 


40 5 


1887 


506,090 


982,776 


38 10 


1888 


612,700 


1,165,000 


38 


1889 


631,660 


1,231,649 


38 II 


1890 


623,440 


1,281,963 


41 I 


1891 


575.969 


1,140,697 


39 7 


1892 


492,615 


902,910 


36 7 


1893 


437.565 


744,424 


34 


1894 


425,582 


703.389 


33 


1895 


395.484 


641.551 


32 5 


1896 


353.863 


580,518 


32 9 


1897 


391.596 


647,191 


33 


1898 


326,425 


610,723 


37 5 



Kingdom during the same period, but he feels justified in 
stating that although the exports show a gradual falling 
off, the home consumption has so largely increased that 
the output has been more than fully maintained. In con- 
sequence of the important harbour and other engineering 
works at present being carried out in this country, the de- 
mand for cement has been so enormous during the last year 



Introductory. 9 

or two, that English manufacturers, even after largely ex- 
tending their works, have been unable to cope with it ; the 
result being that a good deal of foreign cement, mostly of 
Belgian origin, has been imported. 

Statistics show that the exports of cement irom Belgium 
to the United Kingdona in 1896 were only 1751 tons; in 
1897 they rose to 14,064 tons, while in 1898 the total was 
no less than 68,203 tons. Judging from personal experi- 
ence these imports consisted largely of various qualities of 
" natural " cement, i.e. cement produced by the simple calci- 
nation and grinding of natural calcareous rocks, which in 
composition approach more or less closely to that of raw 
Portland Cement slurry ; the term " natural " cement is used 
in contradistinction to " artificial " Portland Cement, which, 
as will be seen hereafter, is produced from a carefully and 
accurately proportioned mixture of chalk and clay or 
similar raw materials. 
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CHAPTER IL 

RAW MATERIALS. 

Portland Cement may be defined as a compound con- 
sisting chiefly of silicates and aluminates of lime, produced 
by the calcination to incipient vitrifaction of a mechanical 
mixture of chalk and clay, or similar materials containing 
the requisite chemical constituents, the clinker thus pro- 
duced being subsequently ground to a more or less impalp- 
able powder. The\xact chemical composition of Portland 
Cement varies considerably ; its principal constituents are 
silica, alumina, oxide of iron, and lime, which, generally 
speaking, are found in roughly the following proportions : — 



Lime 


• 


60 to 64 per cent. 


Silica 


• 


ao „ 24 „ 


Alumina . 


• 


6 „ 10 „ 


Iron oxide 


• 


3 » 5 w 



These four constituents, as a rule, amount together to 
about 96 per cent, the remainder consisting of small quan- 
tities of sulphuric anhydride, magnesia, alkalies, &c. 

The process of cement manufacture, as will be seen 
hereafter, may be divided into three distinct operations, 
the inefficient performance of either of which materially 
affects the quality of the product : — 

1. The intimate blending or mechanical mixing of the 
raw materials. 

2. The conversion of the mechanically mixed raw ma- 
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terials into the requisite chemical compounds by calcina- 
tion. 

3. The pulverisation of the calcined product, to enable 
it to combine with water and thereby set and harden. 

Although Portland Cement may be produced from 
almost any raw materials containing the requisite chemi- 
cal constituents, its manufacture to commercial advantage 
naturally depends upon the physical properties of those 
raw materials, and the treatment to which they have to be 
subjected, to enable them to be intimately blended mecha- 
nically, in the first instance, before being chemically con- 
verted by calcination. The first essential, therefore, from an 
economical point of view, is that the raw materials shall be 
easy of reduction to the requisite mechanical mixture, for 
after this mechanical mixture has been effected, no matter 
by what means, the cost of the subsequent operations of 
calcination and grinding is practically the same in every 
case. For instance, when the materials have to be treated 
by the wet process of manufacture, it is very evident that 
a hard chalk will cost more to reduce to an intimate me- 
chanical mixture with the clay than a soft one ; and simi- 
larly with the dry process, where both materials have to be 
dried and ground before mixing, those materials which are 
most easily reduced to the requisite degree of fineness are 
the most economical to use. 

The chief raw materials used for the manufacture of 
Portland Cement in this country are the chalks and estuary 
muds which are found in great abundance in the lower 
reaches of the Thames and Medway, as these materials 
can be most economically treated in the first operation of 
•mechanical mixing. In the early days of Portland Cement 
manufacture, Frost and others found that the chalk 
abounding in this neighbourhood, mixed with the estuary 
mud of the Medway, was best suited to their purpose ; and 
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as the demand for the product increased, other factories 
sprang into existence in the neighbourhood — and thus com- 
menced what is now one of the most important industries 
of the Thames and Medway. Another factor which pro- 
bably largely influences the establishment of factories in this 
district, is the facility of cheap transport by water, both for 
obtaining coke supplies for calcination purposes from the 
large gas-works in the London district, and also for disposing 
of the manufactured article in the London market, either for 
home consumption or for export from the various docks. 

It very rarely occurs that both the requisite materials, 
viz. chalk and mud, are to be had on the same site, and as 
chalk forms by far the greater part of the mixture (roughly, 
two of white chalk to one of mud, as fed into the wash-mill 
in the wet state), the factories are generally erected on the 
river's edge, with chalk supplies from the quarries at the 
rear, the mud being brought by barges from the beds in 
the lower reaches of the river. Along the upper reaches 
of the Medway, in the Burham district, beds of Gault 
clay crop out, and, in combination with the grey chalk, 
are extensively used by one or two firms on whose pro- 
perty they occur. It may, however, be stated generally, 
that cement in the London district is made from the 
estuary mud, combined with the necessary proportion of 
chalk. 

Referring generally to the following analyses, it will be 
found that the composition of the cement does not always 
correspond exactly with the composition of the raw mate- 
rials. As pointed out at the end of Chapter IV., this is 
largely due to the ash of the coke used for calcination pur- 
poses, which mingles with the clinker in the kiln, and as this 
ash consists largely of silica and alumina, the composition 
of the resulting cement is somewhat modified. The fire- 
brick lining of the kiln, also, is apt to affect the resulting 
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clinker to a greater or less extent, by fluxing and combining 
with it 

The following analyses, taken from our testing books of 
1888, show the composition of the chalk and mud used on 
the Essex shore of the Thames, and also of the cement 
produced therefrom. 

« Chalk. 

Water, 23' 00 per cent 



Insoluble silicious matter 


•85 


Silica. .... 


•35 


Alumina .... 


•75 


Carbonate of lime 


. 98-12 



100' 07 

I 

The above sample was taken from the top strata of the 
pit ; samples from the middle and bottom strata contained 
• as follows : — 

Middle. BottonL 

Carbonate of lime . . 98 * 85 per cent 98 * 07 per cent 



Estuary Mue 


K 




Roughly dried, lost 33*33 per cent 


Water 2'63 


Organic matter . 






4'o6 


Silica .... 






60*30 


Alumina 






ii'07 


Oxide of iron 






8-13 


Carbonate of lime 






7'8S 


* „ magnesia . 






2-66 


Sulphuric acid 






2-50 


Alkalies 


« 




•45 



99*65 
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Cement. 



Water and carbonic acid 


1*40 


Silica . 




23*30 


Alumina 


• • • ' < 


5-85 


Oxide of iron 




4-65 


Lime . 




60*90 


Magnesia . 




•90 


Sulphuric acid 




2'43 


Alkalies 




•30 



99"73 

The manufacturers on the Kent shore of the Thames 
use the chalk at the rear of their works, in combination 
with the estuary mud, of which the following analyses, 
extracted from our testing books of 1 881, may be taken as 
an example. The analysis of the cement following is also 
that of one manufactured on the Kent shore, but as the 
sample was made in 1896, it can scarcely be said that the 
materials quoted were used in its production. 



Mud. 







Samples : 








Nos. 






I 


2 


3 


Organic matter and water . 


6-32 


5*39 


4-31 


Silica . . . . 


71-71 


62-41 


74-50 


Alumina 


6*42 


18*09 


10*45 


Oxide of iron . 


IO'28 


io'35 


6*30 


Carbonate of lime . 


4-05 


1*63 


1*78 


Alkalies. 


I'lO 


2* 10 


2-50 



99*88 99*97 99*84 
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Chalk. 
Silica .... 
Alumina and iron oxide. 
Carbonate of lime 
Water. 



1*02 
•72 

97*36 
•91 



• 






lOO'OI 


Cement. 




Water and organic matter 


2-05 


Insoluble residue . . . . 


•77 


Silica 






21'72 


Alumina 






7-83 


Oxide of iron 






4"3i 


Lime . 






6o'79 


Magnesia . 






i-oo 


Sulphuric acid 






I' 10 


Alkalies, and loss 


» 


• . 


•43 



100 '00 



The following analyses, taken from our testing books of 
1 892, give the composition of the blue Gault clay from the 
upper reaches of the Medway, the chalks used in combina- 
tion with it, and the cement produced therefrom : — 



Blue Gault Clay. 




Organic matter 
Sand « 
Combined silica . 


1 

k 1 






1-30 
9-64 

34 '06 


Alumina 
Oxide of iron 


• 
< 






'5'o9 
5'76 


Lime . 
Magnesia . 
Sulphuric acid 
Carbonic acid 


1 1 

> 

1 < 

> 






15-25 
2*02 

1*64 

I4'20 


Potash 


I < 






'38 


Soda . 


) 






•26 



^9'6o 
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Chalks. 









White. 


Grey. 


Insoluble silicious matter. 


1-50 


3*95 


Soluble silica 


• • 


•ID 


•20 


Alumina and oxide of iron 


•80 


•75 


Carbonate of lime . 




97-32 


94- 37 


Potash 




•22 


•18 


Soda • 




•16 


'13 


Magnesia 




trace 


trace 


Sulphuric acid 




trace 


trace 




lOOMO 


99-58 




Cement. 






Water 


• • 




•70 


Carbonic acid 










trace 


Silica 










21'05 


Alumina 










8-95 


Oxide of iron 










4-40 


Lime . 










61*30 


Magnesia . 










1*37 


Sulphuric acid 










i'S7 


Potash 










'37 


Soda . 










•31 






100 '02 



As an example of the Medway chalk and estuary mud, 
and the cement produced from them, the fpllowing analyses, 
taken from our testing books of 1888, may be quoted : — 

Medway Chalk, 
Roughly dried, lost 11 • 66 per cent 

Loss at 212° .... *4o 

Insoluble silicious matter . . 3 * 45 

Silica . . . . . . * 65 

Alumina and oxide of iron . . 3*35 

Carbonate of lime . . . 92*23 



100 '08 



\ 
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The foregoing sample was taken from the upper strata 
of the pit, the samples from the middle and bottom strata 
containing as follows : — 

Middle. Bottom. 




Carbonate of lime . . 90 ' 90 per 


cent 


90*22 pc 


Medway Mud 






Water . . . , 




4'3o 


Organic matter . 






7*49 


Silica .... 






54-80 


Alumina 






14-40 


Oxide of iron 






8-10 


Carbonate of lime. 






4-64 


„ magnesia , 






yv> 


Sulphuric acid 






1*69 


Alkalies 






0-7S 



99-67 



Cement. 



Loss at 212° 




• 


• 


•20 


„ red heat 




• 


» 


2 -20 


Silica . 




k 


» 


22 -80 


Alumina 




• 


• 


649 


Oxide of iron 




• 


k i 


4*31 


Lune • 




1 \ 


\ 1 


61' 10 


Magnesia . 




i 


i 


•47 


Sulphuric acid 


i 




1 


1-71 


Alkalies 


a 




■ 


•30 



99-58 

Scattered round our coasts, wherever there is a demand 
for Portland Cement, or where special facilities occur for 
its manufacture, there are factories using chalk and clay as 
the basis of their manufacture. At Newcastle and Hull, 
especially, there are factories which use a local clay in com- 
bination with chalk imported from the London district ; 

C 
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in the earlier days of the industry the chalk was brought 
back as ballast by the colliers plying between the northern 
coal-fields and the metropolis, but by far the greater part 
is now conveyed by vessels specially employed for that 
purpose. 

The following is an example of the composition of the 
local clays found at Hull : — 



Clay. 




Organic matter and moisture . 


5*10 


Sand 


17*20 


Combined silica . 




34' 29 


Alumina 




«i-5S 


Oxide of iron 




7-09 


Carbonate of lime. 




6*41 


y, magnesia , 




407 


Sulphuric acid 




2*32 


Alkalies and loss . 




1-97 




100 '00 



It will be seen that these clays are apt to be rather 
sandy ; but the sand is as a rule extremely fine^ and when 
used with the following chalk, the resulting cement leaves 
nothing to be desired in point of quality, its analysis being 
as given on next page. 

Chalk. 
Loss after being dried at 212^ F., 21 '69 per cent. 



The dried sample contained — 




Silica. . .' . 


i'6i 


Alumina .... 


•40 


Carbonate of lime 


• 97'4S 


Alkalies .... 


•51 



99 97 
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Cement. 



Water and carbonic acid 


1 




i'65 


Insoluble residue . 




•87 


Silica. 






2I'I7 


Alumina 






7-35 


Oxide of iron 






4-14 


Lime .... 






61-94 


Magnesia . 






•91 


Sulphuric acid 






1-38 


Alkalies and loss . 






•59 




zoo '00 



The somewhat sandy clay previously quoted inclines the 
author to the belief that an extremely fine sand will not 
materially affect the quality of the cement, provided the 
clinker is thoroughly calcined. The very small amount of 
insoluble residue in the above cement shows pretty clearly 
that the silica and alumina contained in the fine sand has 
combined with the other constituents on calcination. 

At several places on the south coast where chalk supplies 
are abundant, there are cement manufactories using a local 
chalk either with imported clay or with that found in the 
neighbourhood. 

The following analyses may be given as an example 
of the chalk found in the Portsmouth district, the estuary 
mud found in the neighbourhood, and the cement produced 
therefrom : — 

Chalk. 



Silica. 

Alumina and oxide of iron 
Carbonate of lime 
Alkalies and loss . 



•90 

•20 

98-50 

•40 



100 * 00 



C 2 
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Clay. 

Water 

Organic matter . 

Silica. 

Alumina and oxide of iron 

Carbonate of lime 

Alkalies and loss . 



2-30 
6-00 

58-70 
21*40 
10*30 





100 • 00 


Cement. 




Water and carbonic acid 


1*90 


Silica 


25-20 


Alumina and oxide of iron 


9-90 


Lime ..... 


60*70 


Magnesia .... 


*6o 


Sulphuric acid . . . . 


1-50 



99*8o 

Next in importance to the chalks and clays as cement- 
making materials are the Blue Lias formations of War- 
wickshire and elsewhere. By judicious blending of the 
stones and shales of these formations, an excellent Portland 
Cement is produced. These materials, however, being of a 
less easily reducible nature in the first operation of me- 
chanical mixing, require to be treated by what is known as 
the dry process, viz. ground in a dry state between mill- 
stones or other convenient machinery, to enable them to be 
intimately blended. This process of manufacture is con- 
siderably more expensive than the wet process, and it may 
therefore be stated generally that the cement thus manu- 
factured in the Midlands is consumed locally, in contra- 
distinction to the great export factories of the Thames and 
Medway. The following analyses, taken from our testing 
books of 1893, may be quoted as showing the composition 
of blue lias stone and shale, and of the cement produced 
therefrom : — 
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Lias Stone. 
Silica • • . . 

Alumina and oxide of iron 

Lime . 

Magnesia . 

Sulphuric acid 

Alkalies 

Carbonic add 



8-73 
878 

43*95 
1-87 

•74 
trace 

36 '20 







100*27 




Lias Shale. 




Organic matter 


• • • • 


372 


Silica . 




• 30-05 


Alumina 




10-70 


Oxide of iron 




3*30 


I<ime . 




a6*8o 


Magnesia . 




3*68 


Sulphuric acid 




1-43 


Carbonic acid 




20'08 


Potash 


• • • • 


•19 


Soda . 


• ' • • 


•13 




100 '08 




Cement. 




Water and carbonic acid 


I' 10 


Silica . 


• • • 1 


19-78 


Alumina 


• • • 


8*21 


Oxide of iron 


• • • « 


4-53 


T«ime . 


• • • 


62*69 


Magnesia 


• • • 


2*09 


Sulphuric acid 


• • • 


1-57 



99*97 

The above analysis of lias stone is the average of samples 
taken from seventeen different layers or floors. The stone 
and shale are found interstratified in layers ranging in 
thickness from two inches to two feet, each layer varying 
considerably in composition, so that careful blending is 
necessary in order to obtain the correct proportions. 
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The following table gives the average thickness and 
the percentage of carbonate of lime in each of the different 
floors mentioned above : — 





Ayerage 


Percentage 




Average 


Percentage 


0. 


Thickii^. 


of Carbonate 


No. 


Thickness. 


of Carbonate 




Inches. 


of Lime. 




Inches. 


of Lime. 


I 


s. 


78-95 


10 


4 


84-43 


2 


4i 


7S"94 


II 


4j 


7959 


3 


2i 


79*74 


12 


6 


78-38 


4 


3 


82-34 


13 


2 


76-34 


S 


4i 


8o'44 


14 


5 


76-75 


6 


4 


82*8c 


IS 


4 


82-24 


7 


5i 


82*61 


16 


•4i 


80-83 


8 
9 


3 

14 


80 -95 
78-84 


17 


7 


75-74 



In Wales and elsewhere where suitable limestone and 
shale, or limestone and clay are to be found, there are small 
factories erected to supply local demands. The following 
analyses, taken from our testing books of 1884, show the 
composition of some of the Welsh limestones and clay, and 
of the cement resulting therefrom : — 



Silica 
Alumina 
Carbonate of 1 



Limestone. 

I "025 4-350 1-95 
trace trace o * 65 



Ume 1 ^^'^^ 94-575 77-8 

)i 
magnesia 



Carbonate of) 

I 0-499 0*625 «9*5o7 



Clay. 

Silica . 

Alumina 
Oxide of iron 
Carbonate of lime 

„ magnesia 

Alkalies 
Organic matter and loss 



I-20 1-25 1-35 

x-00 0-525 1-90 

81-825 90*00 88-15 

16*809 8-68 10-575 



58-55 

15-255 

4-995 

"-425 
6-239 

2-728 

•801 



100 -GOO 
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n 



Cement. 



Loss at 213^ 


'30 


Silica .... 


23*20 


Alumina . . . . 


12-45 


Lime 


. 57-40 


Magnesia . 


5-98 


Sulphuric acid 


I-I3 


Alkalies 


•81 



100*27 

It will be noticed that these materials contained a vary- 
ing but considerable quantity of magnesia, often resulting 
in a decidedly uncomfortable quantity of that constituent 
being present in the finished cement ; they also had to 
be treated by the more expensive dry process of manu- 
facture. A white marl deposit was subsequently found in 
the neighbourhood, which, as will be seen from the follow- 
ing analysis, contained no magnesia, and which could be 
treated in the wash-mill by the wet process ; it was there- 
fore substituted for the limestone, with satisfactory results. 
It was, however, rather inclined to be rough and gritty, 
even after treatment by the wet stones, the grit apparently 
consisting of small nodules of carbonate of lime, and this 
gritty nature was the source of considerable trouble. The 
resulting cement was, however, a vast improvement on 
that produced from the limestone, and of course by the 
wet process the cost of reduction was materially less. 
The analyses of the marl, of the clay used with it, and 
the cement produced from them, are given below : — 



Silica . 

„ (insoluble) . 
Alumina 
Carbonate of lime 



Marl. 



•05 

•15 

'50 

98-57 



99-27 
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Clay. 

Carbonic acid 

Silica. 

Alumina and oxide of iron 

Lime .... 

Magnesia . 

Sulphuric acid 

Water and organic matter 



7*39 
51-82 

28-43 

519 
3*01 

i-i8 

2-49 



Alkalies and loss . 


995^ 
•49 




100 '00 


Cement. 




Loss at red heat . 


1-50 


I^ime ..... 


61-25 


Silica 


21 '20 


Alumina and oxide of iron 


11*40 


Alkalies, &c. (not estimated) . 


95 35 
4-65 



100*00 



In Cambridgeshire and elsewhere natural marls are 
found, the chemical constituents of which approximate very 
nearly to that of raw slurry, i.e. Portland Cement before cal- 
cination. The earliest methods of utilising these deposits 
for cement-making purposes, was to simply calcine the raw 
material as it came from the pits without any mixing or 
blending ; owing to the varying and uncertain nature of the 
various strata, the resulting cement was altogether unreli- 
able, and therefore this method had to be abandoned. The 
method now adopted, is to thoroughly mix and blend the 
marls, by passing them through a wash-mill in the ordinary 
way, generally with the addition of a small quantity of the 
chalk found in the neighbourhood. 

The unreliable nature of the cement produced by the 
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direct calcination of the deposits in the earlier attempts, 
gained a rather unenviable notoriety for the cements made 
from the Cambridgeshire marls, and, judging from samples 
that came under the author's notice some ten years ago, it 
certainly was the most utter rubbish that was ever honoured 
with the name of Portland Cement During the last year 
or two, however, he has had occasion to test and examine 
samples of cement more recently produced from that 
neighbourhood, and the results show that, with proper care, 
a Portland Cement can be produced equal, if not supe- 
rior, to the Thames and Medway brands. The following 
analysis, taken from our testing books of 1887, may be 
given as an example of the Cambridgeshire marls ; it will 
be seen that they approximate very nearly to the consti- 
tuents of raw Portland Cement slurry, and only require a 
very small addition of chalk to bring them up to the y(> per 
cent, of carbonate of lime usually present in an ordinary 
slurry or compo. 



Mart*. 




Loss at 212^ 


I '20 


Silica .... 


. 17-25 


Alumina . , . . 


7-25 


Carbonate of lime 


• 7392 


Alkalies .... 


•45 



100*07 

A source of raw materials which has lately been 
largely utilised for cement-making purposes, is the lime 
waste from alkali and similar works. The great obstacle 
which has hitherto prevented this material being utilised 
for that purpose, is the considerable amount of sulphide 
usually contained in it — sufficient, in fact, to render the 
cement absolutely dangerous and useless. A process has 
lately been patented by which nearly all the sulphur is 
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recovered from the waste, rendering it sufficiently pure for 
cement-making purposes. The author had occasion recently 
to visit an alkali works where this waste, by mixture with 
a local clay, was successfully used for the manufacture of a 
high class Portland Cement The waste being in an ex- 
tremely fine state of division, it was found impossible to 
mix it with the clay by the continuous process of washing 
ordinarily in use with chalk and clay, as the waste simply 
passed out of the mill as fast as it was fed in. An inter- 
mittent process was therefore adopted, each mill-full being 
thoroughly mixed and tested as to the accuracy of the pro- 
portions before being conveyed to the drying floors. The 
waste being in such a fine state of division, one frequent 
cause of unsatisfactory results with ordinary chalk — viz. the 
presence of small unreduced lumps of chalk in the slurry — 
was eliminated ; and, moreover, as it contained a consider- 
able amount of carbon, also in a fine state of division, the 
fuel required for calcination was considerably less than that 
used with ordinary materials. Particular attention was 
paid to the grinding of the calcined clinker, and thus a 
first class Portland Cement was produced. Below are 
given the analyses of the raw materials and of the resulting 

cement : — 

Alkali Waste. 



Water and organic matter 




3'3o 


Carbonic acid 




39 "60 


Silica .... 






z-98 


Alumina 






1-41 


Oxide of iron 






1-38 


T«ime .... 






48-29 


Magnesia 






151 


Sulphuric acid 






1*26 


Potash 






•35 


Soda . 






•29 



99 87 
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Clay. 



Water and organic 


matter 


• 


4-85 


Carbonic acid 




7-65 


Silica 








• 48-31 


Alumina 








233s 


Oxide of iron 








516 


Lime . 








5*8i 


Magnesia 








3-8l 


Sulphuric acid 








i'S3 


Potash 








•3» 


Soda . 








•23 




IOO'02 


Cement. 


Water and carboni 


[c acid . . 1*40 


Silica • 


• • 




I9SS 


Alumina 








10-65 


Oxide of iron 








3-30 


Lime . 








• 59*55 


Magnesia . 








2-41 


Sulphuric acid 








3-08 


Potash 








SI 


Soda . 








•37 



99*82 



The raw materials hitherto mentioned are the principal 
ones from which Portland Cement is manufactured in Eng- 
land. In the Appendix is given the chemical composition 
of materials which are utilised to a greater or less extent for 
cement making in England and other parts of the world, 
and which may be of interest as showing that cement- 
making materials exist almost everywhere, although not 
always in sufficient quantity, or capable of sufficiently 
economical treatment to be available commercially. 

The foregoing materials, differing widely in their physical 
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properties, naturally require diflferent methods of treatment "^ 

in the first operation of mechanical mixture ; these methods . 
of treatment may be classed under two principal heads, 
viz. the wet process, and the dry process. The wet process 
is adopted for all those materials which by treatment in a 
wash-mill, with a large excess of water, can be broken up 
and reduced to a perfectly homogeneous creamy mixture, 
technically termed slip or slurry. The chalks and clays of 

I 

the London district and elsewhere, and also the soft marls 
of the Cambridgeshire district, are treated by this process. 
The dry process has to be adopted with those materials 
which are of too hard a nature to be treated in the wash- 
mill. It consists of first drying the raw materials, if neces- 
sary, grinding them each to a more or less impalpable 
powder, and afterwards mixing the powders thus produced 
in the desired proportions ; the resulting mixed powder 
is then damped sufiliciently to enable it to be pressed into 
bricks, which are again dried, before being loaded into the 
kilns for calcination. In both processes the method of treat- 
ment after calcination is the same, the clinker being drawn 
from the kilns, and reduced to a powder by any convenient 
comminuting machinery. 



^ 



__j 
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CHAPTER III. 

WET MILLS. 

The wet method of manufacture may be subdivided into 
two separate heads, viz. the " Wet Process," and the " Semi- 
Wet or Goreham Process." The latter is the latest and 
most extensively used at the present time, as it does away 
with the necessity of backs or settling tanks, the slurry, 
after leaving the mills, being pumped direct on to the dry- 
ing floors or kiln drying chambers, thus effecting a consider- 
able economy in labour. 

The " Wet Process " consists of mixing the chalk and 
clay, or other materials which are capable of such treat- 
ment, in a wash-mill with a large excess of water, until 
they are broken up and reduced to a sufficient degree of 
fineness to rise with the water and overflow the outer 
edge or circumference of the mill. The outlets of the 
mill are provided with a fine gauze sieve, to prevent any 
particles passing through that are insufficiently reduced. 
The " slip " or ** slurry " as the thin liquid thus produced 
is technically termed, is then raised by elevators to a suf- 
ficient height to enable it to run by gravitation to a series 
of large settling reservoirs or "backs," from four to six 
feet deep, where it is allowed to settle, and the super- 
natant clear water gradually drawn off, until the slurry be- 
comes sufficiently solid to admit of its being conveyed by 
tram wagons or barrows to the drying floors. The period 
allowed for settling depends, of course, upon the back room 
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at disposal, and the requirements of the works ; where gra- 
dients are favourable, the slurry is sometimes allowed to 
flow by gravitation to the drying floors, the greater part 
of the excess of water having, of course, been first drawn 
off. It is preferable, however, where possible, to allow it 
to remain in the backs until it has attained about the 
consistency of soft butter, as it can then be readily cut 
out with a wetted shovel and easily spread on the drying 
floors. If allowed to remain in the backs until it has dried 
beyond this plastic condition, the author's experience is 
that it does not dry so quickly, as the floor is not every- 
where in contact with and covered with the slurry, and 
therefore a good deal of the heat escapes unutilised. Of 
course, if placed on the floor in a liquid rather than a 
plastic condition, there will be more water to drive off, and 
a correspondingly longer time must be allowed for drying, 
to say nothing of the extra fuel required for that purpose. 
A convenient method of drawing off the water from the 
backs is to arrange a special penstock, consisting of a ver- 
tical opening or slit, two or three inches wide, in the wall of 
the back, communicating with a drain to carry off the water. 
Slips of wood about an inch deep, fitting into grooves at 
the sides of the openings, are puddled into position, ac- 
cording as the back is filled, so as to make a water-tight 
joint, and as the slurry subsequently settles, these blocks 
are removed one by one as occasion requires, thus allow- 
ing the clear water to run off. 

The v/ash-mill, a sectional elevation and plan of which 
is given in Fig. i, consists of an annular pit, about fourteen 
feet in diameter, lined with brickwork, in and around which 
revolve a series of harrows, carrying a number of suitable 
tines or knives to break up the materials under treatment. 
These harrows are suspended by chains from a series of 
radial horizontal arms, properly stayed and braced, the whole 
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PLAN 
Fig. I. 
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mill being driven by a crown wheel at the top of the 
central vertical spindle. The illustration is reduced from a 
working drawing, and it will be noticed that only the two 
outside tines in each case are shown in full. The harrows 
are triangular in plan, as indicated by the dotted lines, and 
each one contains about twenty tines, which are so arranged 
that in their path round the mill every part of its area is 
swept by them. In order to further assist the breaking up 
of the chalk, spikes and jagged projections are sometimes 
inserted round the outer walls of the mill, so that when the 
chalk is violently dashed against them its reduction may 
be thereby assisted. This, however, is not a usual practice, 
and would only answer in the case of grey chalk, which 
contains no flints ; the flints in an ordinary white chalk 
would soon render the projections valueless. 

In using chalk and clay, the usual method is to feed the 
raw materials, by means of barrows, through a convenient tip 
hole at the side of the mill, a trustworthy man being placed 
in charge to see that the proper proportion of each material 
is used. It is unnecessary to add that this tip hole should 
be so arranged, in accordance with the direction in which 
the mill is revolving, that the materials will have to traverse 
the greater part of the circumference of the mill before 
coming to the outlet. This remark especially applies to the 
semi-wet process, for it is obvious that if the outlet grating 
is close to the tip hole, and the materials are dashed against 
it immediately on entering the mill, some of them, espe- 
cially the softer clay, and probably some of the finer chalk, 
will pass through without being treated by the mill. 

With most materials of this description it will be found 
convenient to arrange the barrows of such size that two 
barrows of chalk are required to one barrow of clay, both 
being weighed in, and so that, the chalk barrows being kept 
constant in weight and size, any alteration in the proportion 
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of the raw materials used, may be effected by reducing or 
increasing the weight of clay used. In some cases it is 
found economical to first partially reduce the chalk, by 
running it through crushing rollers before feeding it into 
the mill, but the more usual method is to provide the wash- 
mill gang with sharp-pointed hammers or picks, with which 
to treak the large pieces of chalk, so that no chalk is fed 
into the mill in larger pieces than three or four inches in 
diameter. Of course, immediately the materials are fed 
into the mill the larger pieces gravitate to the bottom, 
where they are gradually reduced by the action of the har- 
rows until fine enough to pass out through the sieves at the 
opening provided for that purpose. The water necessary 
for the reduction of the materials is generally fed in at the 
centre of the mill, the supply pipe leading into a circular 
funnel arrangement fixed to the centre spindle, which re- 
volves with the mill, and from which two pipes deliver just 
above the level of the harrows ; this method ensures the 
water being more evenly distributed than if fed in from 
any fixed point on the outside. 

Where the chalk or clay is at all sandy, it will be 
found a great advantage to provide a series of catch pits, to 
intercept and separate the sand from the slurry as it passes 
from the wash-mill to the backs. These catch pits may be 
of any convenient size, say about 4 feet by 2 feet by 3 feet 
deep, and the slurry should be allowed to pass quietly 
through them, or more correctly speaking, over them, for as 
soon as they become filled, the current passing from the 
wash-mill simply flows over them and deposits its heavy 
sandy matter in its passage. It will be found that they will 
require cleaning out occasionally, according to the quantity 
of sand present in the raw materials ; the amount of sand 
in the pits can be easily determined by probing with a light 
wooden wand, the sand having a distinctly different solid 

D 
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sandy consistency as compared with the softer, almost oily 
nature, of the slurry. 

In working by the wet process the author found it 
advantageous to thoroughly ** lute " and " drag " the backs 
periodically, so as to ensure the contents of each one being 
perfectly uniform, otherwise the lighter portions of the 
clay have a tendency to separate from the chalk during 
settlement For luting, a long pole was used, having a flat 
piece of board about eighteen inches long by nine inches 
wide fixed at one end; with this instrument the luter 
walked along the wall of the back, and thoroughly stirred 
up the slurry for the first few yards from the outside. To 
enable the contents of the centre of the back to be mixed 
up, an instrument called a " drag " was used ; this con- 
sisted of a rectangular piece of board, about 2' o" x i' o", 
at the centre of either surface of which was an iron eyelet 
secured by a metal strap passing round the board ; two 
ropes, each long enough to reach across the back, were 
attached to these eyelets, so that two men standing on 
opposite walls of the back could pull the drag to and fro 
flatwise between them, and, by taking a fresh position after 
each haul, the whole of the contents were rendered fairly 
uniform. A mistake that is sometimes made is to allow 
the slurry all to run in at one comer of the back instead 
of at different points. The difference in the gravity of the 
materials tends to cause them to separate more or less as 
the slip flows forward to the further parts of the back, and 
if the mixture enters at one point only, it will generally be 
found that the composition of the slurry at the more remote 
end of the back differs materially from that near the shoot 
A convenient practice is to have three or four shoots at 
different places, so that the point of entry can be changed 
every day or every other day. By this method, and by 
having the back which is being filled dragged and luted 
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an hour each day, a uniform composition of the slurry is 
ensured at trifling extra cost. 

The chief point of difference between the "Wet Pro- 
cess " and the " Semi- Wet Process," is, that in the former 
the whole of the work is done by the wash-mill itself, with 
the aid of a large excess of water, and after leaving that 
mill the raw materials are, or ought to be, in a perfect state 
of mechanical amalgamation, whereas, in the latter process 
much less water is used and the wash-mill only partially 
completes the work, the final reduction and mixing being 
accomplished by means of millstones or other convenient 
grinding machinery. Although the latter process effects 
a considerable saving of labour over the older "back" 
system, the author, having had experience of both, must 
confess to a sneaking fondness for the older method, so 
far as rcgfularity and reliability are concerned, as, by 
systematically testing each day's washings and periodic- 
ally checking the contents of the backs, any little excess of 
chalk or clay in one day's work can be adjusted the next, 
whereas with the semi-wet process, the slurry goes direct 
from the wash-mill to the kilns, and, whether it is correct or 
otherwise, there is no opportunity of correcting or amend- 
ding errors in the mixture of the raw materials. Although 
with the present facilities of testing slurry at frequent 
intervals during the day, the possibilities of error are 
very largely reduced, only those who have had charge of 
cement works where the raw materials vary to any con- 
siderable extent, can appreciate the difficulty of always 
keeping the proportions exactly right In one instance, it 
was found that a divergence of less than one per cent 
below or above the proper percentage of carbonate of 
lime, meant in the one case a considerably weakened 
cement, and in the other an over-limed on^ or at all 
events a cement that would be unsafe to use without 

D 2 
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thorough aeration and maturing. The author is there- 
fore inclined to the opinion, that where very variable raw 
materials have to be dealt with, and where a few pence 
per ton in the cost of production is not of such paramount 
importance as regular and consistent quality of the product, 
the use of backs will be found advantageous. The semi- 
wet system, although it effects a considerable economy in 
labour, rarely gives such good results, either in quantity or 
quality, as the older wet system. 

By the semi-wet process a much less quantity of water 
is used in the wash-mill, hence the derivation of the term 
" semi-wet," only sufficient being added to render the mix- 
ture sufficiently fluid to be readily pumped to the drying 
floor or kiln drying chamber ; the slurry in this process 
generally contains from 40 to 45 per cent, of water, which 
means about 10 or 15 per cent of added water, accord- 
ing to the amount contained in the raw materials. The 
wash-mill used for this process is practically identical 
in construction with that used for the wet process, except 
that it has to be somewhat strengthened in its details, inas- 
much as the mixture being of a much thicker consistency, 
the friction of the harrows passing through it is propor- 
tionately greater. Instead of the fine wire gauze at the 
outlets of the mill as with the wet process, a stout iron 
grating is used, the individual bars of which are wedge- 
shaped in section, as shown in Fig. 2, the broader end of 
the wedge facing inwards ; these bars are usually placed 
about I inch apart, so that when the materials are suffi- 
ciently reduced to pass this grating they leave the wash- 
mill to be further treated by the millstones. On leaving 
the wash-mill the rough slip or slurry passes into the elevator 
sump, whence it is elevated by means of a strap elevator or 
other convenient method to the small feeding tank placed 
over the stones. This elevator ordinarily consists of a 
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rubber composite belt, about one foot broad, running on 
flanged pulleys top and bottom, with buckets bolted to it 
of such size and at such intervals, that the amount of 
slurry passing through the mill can be readily dealt with. 
Like all elevators of this class, it is, of course, driven from 
the top pulley, and for work of this sort it is essential 
that the bucket belt should be kept fairly tight so as to 
prevent slipping, as far as possible, should its inner surface 
come into contact with the greasy slurry. A ver>' good 
arrangement for effecting this object, which from personal 
experience answers very well, is to arrange the bearing of 
the lower pulley on a sort of rectangular frame which is 









SECTION OF GRATING. 

Fig. 2. 

hinged at one end and weighted at the other, so that any 
slight slackness of the belt, due to stretching or other cause, 
is thereby compensated, and the elevator always maintained 
at one degree of tension. Although belt elevators have 
now come into general use for this purpose, wheel elevators 
of the type shown in Fig. 3 are sometimes used for slurry 
elevation. As will be seen from the illustration, which is 
reduced from a working drawing, it consists of a large 
skeleton wheel with buckets fixed on its outer circumfer- 
ence, and it must of course be of sufficient diameter to 
elevate the slurry to the desired height. There is this to 
be said in favour of the wheel elevator, that when it is 



Wet Mills. 39 

once erected, it will run for a long time with practically no 
attention, whereas the wear and tear on a bucket belt is con- 
siderable, and a firm of manufacturers recently assured the 
author that they had quite lately abandoned belt elevators in 
favour of the wheel type. 

With the white chalks, where flints are abundant, and 
often embedded in the centre of the mass, it is impossible, 
even by the most careful picking, to prevent a certain 
amount of flint passing into the wash-mill, and the friction 
of these flints causes the harrow tines or knives to wear away 
very rapidly. The usual form of harrow tine is square in 
section, with a shoulder and thread formed at the upper end 
to enable it to be passed through the opening provided in 
the harrow frame and firmly fixed thereto by means of a nut. 
Where these tines or knives wear very fast on account of 
flints, a modification is sometimes adopted, the tines being 
made of flat bar iron, rectangular in section, fixed by means 
of a set screw to a specially designed harrow frame, and 
projecting through the top ; as the bottom of the tine 
wears, the working end can be lengthened by loosening the 
set screw and lowering it through the harrow frame to the 
desired depth. A further modification of the same idea, is 
to adjust the height of the tine by simply passing a ring 
or pin through it, to prevent it falling too far through the 
frame, and holes being made in the tine at suitable inter- 
vals, it can be lowered by simply shifting the pin or ring to 
the hole next above it. 

In cases where a hard chalk has to be used which is more 
than usually difficult of reduction, the wash-mill process is 
sometimes divided into stages, the chalk alone being first 
dealt with and reduced before the clay is added. It is 
usual in such cases to first pass the chalk through crushing 
rollers, which partially reduce it, whence it passes to wash- 
mill No. I ; here water is added, and by means of heavy 
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harrows of special design, it is broken up fine enough to 
pass a coarse grating into mill No. 2. In this mill the clay 
is added, and the slurry passes out into mill No. 3 for a 
final mixing and reduction, after which it is passed through 
wet stones, to ensure the thorough reduction of the chalk 
and a complete amalgamation with the clay. 

With flinty chalk, it is also found necessary to periodi- 
cally run the mill empty, or " wash down " as it is called, in 
order to remove the flints which accumulate at the bottom 
of the mill ; this is accomplished by stopping the supply 
of chalk and clay, and continuing for a while the supply of 
water, so that in a few minutes all the reducible material 
has passed out, and nothing is left in the mill but the flints, 
and perhaps a few very hard pieces of chalk. Generally 
speaking, it is undesirable to allow this thin slip and 
excess of water to pass to the kilns in the ordinary 
way, a more convenient method being to pump it into a 
small back or reservoir specially constructed for that pur- 
pose, and utilise the slurry thus produced for daubing kilns, 
and odd jobs of a similar nature. In addition to the large 
excess of water, the wash-down slurry generally contains 
a' considerable excess of chalk ; owing to the clay being 
the more easily reduced, as soon as the supplies are stopped, 
it' rapidly passes out of the mill, and the remaining slurry, 
if not pure chalk, at all events contains a great deal too 
much of that material. To avoid this excess of chalk, 
the author always adopted the plan of adding one or two 
barrows of clay, according to requirements, during the 
wash-down process, so that with the exception of an excess 
of water, there was not much amiss with the resulting 
slurry. 

The Michele wash-mill, of which an illustration is given 
in Fig. 4, is largely used in some works. Its essential 
principle is that it completes the grinding and amalgama^ 



tion of the raw materials in one operation. The slurry is 
made to leave the mill by overflowing between the grinding 




surfaces of a broad rim of iron D, forming part of and re- 
volving with the mill, and a corresponding flat rim fixed on 
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the outer wall of the mill ; the particles are thus subjected 
to a grinding action and reduced to a fine state of division. 
By this means both slurry elevators and wet stones are 
dispensed with, and the slurry as it leaves the mill can be 
pumped directly to the drying floor or kiln chamber. 
Where a grey chalk is used which contains no flints this 
mill gives very satisfactory results ; but, from personal 
observation, the slurry produced from white flinty chalk 
leaves a good deal to be desired. As with all machinery 
for the final reduction of slurry, the flints contained in the 
white chalks are a considerable source of trouble ; not only 
do they tend to lift the grinding surface and thus allow small 
particles of unreduced chalk to escape, but also cause con- 
siderable wear and tear of those grinding surfaces or rims. 

The millstones generally used for the final reduction and 
amalgamation of the slurry are the ordinary French burrs of 
the usual bedstone and runner type. The most general size 
is 4 feet 6 inches in diameter, and they are almost exactly 
identical in gearing and general details with the stones 
used for grinding the cement clinker, of which an illustration 
is given in Fig. 24, p. H2. The work they have to perform 
being considerably lighter, the gearing does not require to 
be quite so heavy, and the method of feeding of course has 
also to be modified. The usual method of feeding the wet 
stones is to allow the rough slurry to run from the small 
feeding tank or reservoir above, where it is deposited by the 
elevator, through a wooden shoot or trough into the eye of 
the stone, a separate shoot with a suitable cut-ofl* arrange- 
ment being provided for each pair of stones. To prevent 
the slurry splashing off" the crossbar out at the eye of the 
stone, and thus passing to the pumps without proper re- 
duction, a circular cap or disc is fitted over the eye, which 
encloses it altogether with the exception of a hole about 
6 inches in diameter through which the slurry is fed. As 
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with cement stones, the wet stones are generally arranged 
on a line shaft, in which case, instead of the wooden trough 
arrangement above mentioned, a neater method of arrang- 
ing the feed is to distribute the slurry from the service tank 
through an ordinary 6-inch cast-iron slurry pipe running 
along at the back of the stones, with a T-joint and short 
length fitted with a cut-off for each pair of stones. 

It is hardly necessary to add that, in order to obtain 
good results with the wet stones, they must be accurately 
balanced so as to run true, and also be properly dressed. 
The dress of millstones is a matter upon which all practi- 
cal men differ, so that it is hardly possible to lay down 
any hard and fast rule on that point. The dress adopted 
by the author for a pair of stones of 4 feet 6 inches dia- 
meter, and which he found to give very good results, was 
as follows. 

Runner. — Face^ or true horizontal grinding surface, 
ten inches wide, properly staffed down. 

Throat or swallow^ commencing three inches above face 
and gradually diminishing towards same. 

Cracks or furrows^ about three inches apart and ex- 
tending from throat to about five inches from edge of stone, 
viz. three inches beyond commencement of face. 

Bedstone. — Same face and furrows as runner. Breast 
to be kept down half an inch below face. 

It was found that stones dressed according to the above 
method did not require taking up more than once a month, 
and produced a very good slurry, but this of course would 
depend entirely upon the nature of the materials to be 
treated. 

In order to practically avoid the necessity of dressing 
wet stones, Messrs. Addison, Potter and Son, of Newcastle, 
have patented a system of building them up, by which the 
eye or throat is composed of burrs in the ordinary way, but 
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the grinding surface or face is made up of pieces of rock 
emery, set in a specially prepared metallic composition. By 
this means they claim that the face always keeps sharp and 
only the throat requires occasional dressing. The author 
has not had personal experience of these specially prepared 
stones, though certain well known manufacturers in the 
north of England testify to their efficiency. 




ELEVATION. 




PLAN FROM BENEATH. 
Fig. 5. 



The pipes used for conveying the slurry from the 
pumps to the drying floors or kiln drying chambers, are 
usually of cast iron of six inches internal diameter, with 
flanged joints. It is perhaps unnecessary to mention that 
they should be covered with a protective coating of straw or 
similar material to prevent injury from frost, through the 
freezing and consequent expansion of the slurry contained 
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in them. The pipe line being necessarily carried over the 
top of the kilns, is consequently often in a rather exposed 
situation, and instances have occurred during severe winters 
of considerable damage and inconvenience throughj the 
neglect of this simple precaution. In some works a half- 
inch wrought-iron pipe is placed inside the slurry pipes, and 
a jet of steam passed through it when necessary ; this has 
been found very effective in preventing the slurry from 
freezing. The form of outlet • from these pipes, though 
perhaps a minor detail, is one which will fully pay for 
proper consideration. A very convenient form is that 
shown in Fig. 5, commonly known as the *• treacle-pot " 
outlet, being of the same design as that used for cutting off 
the flow of such viscous fluids. The illustration is reduced 
from a working drawing, and shows the outlet in plan as 
seen from beneath, and in elevation. The cut-off disc, part 
of which is elongated into a projecting handle, swings on 
the bolt at the right, so that the flow can be wholly or 
partially cut off as required. Anyone who has experienced 
the squirting power of slurry under pressure, by trying to 
screw on an ordinary plate cover while the pumps have 
been working to force the slurry to a kiln further on, 
will fully appreciate the utility and convenience of the 
** treacle-pot " outlet 

The pumps generally used for forcing the slurry through 
the distributing pipes are of the usual three-throw type, 
shown in Fig. 6, with heavy plungers of about six or eight 
inches diameter, according to the work which they have to 
perform. An air chamber is attached to the delivery pipe 
to equalise the pressure, and on the top of this air chamber 
is fixed a Bourdon pressure gauge. By this means, the man 
in charge can always see what pressure he is putting upon 
the pipes, and, knowing what the pressure should be to a 
certain distance, he can to some extent thereby regulate the 
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fluidity of the slurry. To prevent any chance of accident 
or damage to the pipes or gearing from over-pressure, a 




weighted safety valve is fitted to the delivery pipe, which 
allows the slurry to blow off back into the sump when the 
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pressure exceeds a certain limit. These pumps are driven 
by fast and loose pulleys, and the crank driving each pump 
is arranged at a different angle on the shaft ; by this means, 
each pump does its work at a different period of the revolu- 
tion of the shaft, thus equalising the pressure and maintain- 
ing a steady stream of slurry. If a certain pump is not 
doing its work properly, the pressure on the gauge will 
naturally drop suddenly during the stroke of that pump, 
and an examination of the gauge will, therefore, indicate if 
each one is doing its fair share of work. 

Where the chalk supply is at a convenient distance 
arrangements are sometimes made to wash the chalk at 
the quarry, and pump it to the works in a fluid condition. 
In one instance where this is done, the chalk is washed 
with a considerable excess of water, practically the same 
as when used for the wet process, and is then pumped to 
the works to a series of settling backs where the greater 
part of the water is allowed to drain off. It is then con- 
veyed in wagons to the wash-mill, where the clay is added, 
and after leaving this wash-mill passes through a second 
one, to ensure complete mixture with the clay before 
going to the slurry pumps for distribution to the kilns. 
The proportions of chalk and clay are based on the 
weight of dry chalk, and as the water contained in the 
washed chalk necessarily varies a good deal, the exact 
amount is carefully estimated every day and the propor- 
tions calculated therefrom. By this method, wet stones 
may be dispensed with, as the chalk is thoroughly reduced 
in the quarry wash-mill, before being pumped to the works, 
while the soft nature of the clay enables it to be thoroughly 
reduced and amalgamated with the chalk by passing 
through the two consecutive wash-mills at the works. If 
the chalk contains any appreciable quantity of sandy gritty 
matter or fine flints, such will be found to settle in a fairly 
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well-defined heap under the shoots where the fluid chalk 
enters the backs. This sediment cannot, of course, be used 
for cement-making purposes under such conditions, and it 
is, therefore, carefully avoided by the wash-mill gang, and 
removed when the back is emptied. 

The most important item of the semi-wet process is 
that the chalk should be thoroughly reduced and the ma- 
terials thoroughly amalgamated. Where a flinty chalk is 
used, little pieces of flint in passing through the wet stones 
are so difficult of reduction that they raise the edge of the 
stones and cause them, in the miller's parlance, " to throw 
grit," i.e. allow coarse particles of chalk to escape. There 
is no doubt that, in this particular, the semi-wet process, as 
at present carried out, is inferior to the wet process, as the 
mechanical mixture is rarely so perfect as by the older 
method. The clay being of a readily reducible nature, 
will generally amalgamate fairly easily, the chief difficulty 
lying with the chalk. Samples should, therefore, be taken 
periodically from the shoots leadipg to the pumps, to as- 
certain if the reduction is eflficiently accomplished. A 
rough opinion can be formed by the feel of the slurry 
between the thumb and finger ; if unreduced particles of 
chalk are present to any appreciable extent, it will have a 
rough gritty feeling instead of the smooth creamy consist- 
ency of a perfectly washed slurry. The best method of 
testing its fineness of reduction is to wash a measured quan- 
tity, say ten fluid ounces, through a sieve of 50 holes per 
lineal inch, and also through one of y6 holes, and to measure 
any residue that may be left, in a graduated measuring 
vessel. On the excellence of this mechanical mixture more 
depends than is generally recognised, as if the coarse par- 
ticles of chalk in the slurry exist to any great extent, it 
will be impossible for the silica and alumina of the clay 
to combine properly with them, or, so to speak, for the silica 
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and alumina to soak up the lime during the process of 
calcination. If the mixture is imperfect, the combination 
between the lime, silica and alumina will also be imperfect, 
and an imperfect and greatly weakened cement is the result. 
Further than this, the more complete the mechanical mix- 
ture, the greater the quantity of chalk that can be used with 
safety.and, ceteris paribus, the stronger the cement obtained; 
and, what is still more important, it will generally be found 




Fig. 7. 

that an imperfectly or badly washed slurry will tend to pro- 
duce a weak and blowy cement, owing to the imperfect 
combination of the lime in the process of calcination. A 
marked illustration of the above fact, viz. that the better 
the mixture the greater the amount of chalk that may be 
used with safety, occurred a short time back, at a cement 
factory where for a time both wet and semi-wet processes 
were in operation ; the same materials were used in each 
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case, and it wan always found that owing to the more perfect 
mixture obtainable with the wet process, one or one and a 
half per cent more carbonate of lime could be used with 
safety than with the semi-wet process. From personal 
observation at the various cement works in the London 
district, there is no doubt that, in this particular, there is 
room for great improvement in the English practice, and 
a little money expended on the perfection of the mechanical 




reduction of the raw materials would be amply repaid by 
an improved manufacture, to say nothing of less liability 
to danger if the slurry is rather fully limed. 

As an illustration of the foregoing remarks, full-sized 
photographs of three samples of slurry are reproduced in 
Figs. 7, 8 and 9, showing different degrees of perfection of 
the mechanical mixture; they may be classed as examples 
of badly washed and well washed slurry, and the ideal 



IVet Mills. 51 

mixture. The first two are samples of the ordinary wash- 
ing of two large works in the London district, while the 
third is what the second firm have been able to produce, in 
limited quantities, by special methods, and which they 
eventually intend to obtain with the whole of their manufac- 
ture. In No. 7 it will be seen that the pieces of unreduced 
chalk range as large as ^inch itt diameter ; and pieces of flint 
of about the same size, which are doubtless responsible for 




Fig. 9. 

the imperfect grinding, are plainly visible as black angular 
fragments in various parts of the sample. In No. 8 there 
are no particles of chalk much larger than the point of a pin ; 
while in Na 9 the mixture is so nearly homc^eneous thatthe 
presence of minute particles of unreduced chalk is only indi- 
cated by the streaks produced by the knife in planing off 
a level surface for the purposes of obtaining a photograph. 
The bad effects of faulty washing, i.e. coarse particles of 
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chalk in the slurry, may be obviated to a certain extent by 
using more fuel in calcination, as the higher the temperature 
the more readily the coarser particles combine, but by this 
means the resulting cement is materially weakened, as in 
obtaining a sufficient temperature to cause these coarser 
particles to combine, the other parts of the slurry are over- 
burned, or calcined beyond •that point of incipient vitri- 
fication which has been found to produce the best cement, 
to say nothing of the cost of the extra fuel consumed. 
The author was lately assured by a member of a large 
firm of manufacturers who had recently put down special 
plant to improve the reduction of the chalk and the inti- 
mate mixture of the raw materials, that they had found such 
a course to be economical, as the more thoroughly washed, 
or rather the more finely ground slurry thus produced, took 
considerably less fuel for calcination than before. It needs 
very little comprehension to understand that within certain 
limits, the more complete and intimate the mechanical 
mixture, the less heat will be required to bring about the 
proper chemical combination. 

Some manufacturers, in order to further perfect the 
mixture and render the composition of the slurry constant, 
make use of auxiliary mixing mills, into which the slurry is 
run after it leaves the wet stones. These mills or mixers 
consist of deep circular pits, about 15 feet in diameter and 
6 or 8 feet deep, according to the quantity of slurry to be 
dealt with, in and around which revolve slowly a series of 
long vertical arms or stirrers suspended from and carried 
round by a horizontal radiating beam, which is driven from 
a centre spindle very much like a wash-mill, in fact the 
whole mill is a modification of the ordinary wash-mill. 
Two or more of these mills are used in accordance with 
the quantity of slurry to be dealt with, and in addition to 
perfecting the mixture they are sometimes used intermit- 
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tently, as at Boulogne, in order to check the proportion of 
carbonate of lime before the slurry is pumped to the kilns. 
For this latter purpose one mill is nearly filled and a sample 
taken for testing purposes, the slurry meanwhile being 
turned into the second mill while the estimation is being 
made. If the mixture is correct, it is allowed to go for- 
ward to the kilns ; if not, it is adjusted by adding clay or 
chalk according to requirements. 

The more perfect mechanical combination, or rather 
the raw materials being more similar in their chemical 
composition, is doubtless one reason why cement made 
from the Lias districts of Rugby will bear a higher percent- 
age of lime than those made from chalk and clay. As 
will be seen from the analyses on page 21, the Lias 
stone contains a considerable amount of silica and alumina, 
and the shale likewise contains a considerable amount of 
carbonate of lime, and therefore any unreduced particle of 
either stone or shale would not be so totally dissimilar 
from the composition of the properly mixed materials, as 
would be the case with a chalk containing say 99 per cent, 
of carbonate of lime, and a clay containing practically 
none ; hence the result of an imperfect reduction of 
the former materials would not be so likely to lead to 
disastrous results as with the latter. 

When a grey chalk which contains no flints is used, the 
wet stones are sometimes dispensed with altogether, and 
the work of reduction c^trried out entirely by the wash-mill. 
According to the process patented by the late Mr. W. G. 
Margetts, which is in use at the West Kent Cement 
Works, instead of the outlet from the wash-mill being fitted 
with a grating with |-inch openings, a perforated iron plate 
is used having f-inch circular holes, and the slurry, after 
passing through this plate, is elevated to the wet mill in 
the usual way. Instead, however, of being treated by wet 



54 TJie Manufacture of Portlatid Cement. 

stones, it is passed through vertical revolving sieves of the 
section shown in Fig. lo. The framework of this sieve is 
angular or polygonal in horizontal section, and is covered 
with brass wire gauze of about 20 meshes per lineal inch. 
As will be seen by the illustration, it is so arranged that the 
slurry is fed in on to a concave plate fixed to the spindle, 
whence it is projected on to the sieve. The material passes 
by centrifugal force up the slope of the cone towards the 
outer edge of the sieve, and by that means the sufficiently 
reduced particles pass through, and are led to the pumps in 




Fig. 10. 



the usual way, while those particles which will not pass the 
sieve, fly out over its outer edge and are led by a convenient 
spout back to the wash-mill to be further reduced. The main 
advantage of this process is that the power required to drive 
the sieves is infinitesimal as compared with that required 
for the wet stones, and the finished slurry all having to pass 
through the sieves, the proper and even reduction of the 
chalk is thereby assured. From recent personal inspection, 
the slurry thus produced, is quite equal if not superior to 
that usually produced by the wet stones. The use of a 
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perforated iron plate at the outlet from the wash-mill in 
place of the usual grating, naturally tends to keep the ma- 
terials longer in the mill, and thus causes them to be more 
thoroughly reduced in the first instance. Of course this 
method could not be used with a flinty chalk, as the small 
pieces of flint would very quickly cut holes in the sieves 
and render them worse than useless. It may be mentioned 
here that this patent anticipated by a few weeks a similar one 
taken out by the late Henry Faija, in February 1885, for 
an exactly similar purpose and accomplished in practically 
the same manner. It was exhibited by him at the Inven- 
tions Exhibition of the same year, but, probably owing to 
the priority of Mr. Margetts' patent, was dropped shortly 
afterwards. The essential difference, however, between the 
two patents was that the Faija sieve was vertical and 
cylindrical, whereas the Margetts patent is conical and 
angular. In the latter case the coarse particles work to 
the edge by centrifugal force, whereas in the former they 
were made to drop towards the bottom by a tappet arrange- 
ment on the sieve itself. 

The first point of importance in the manufacture of 
Portland Cement, is that the raw materials should be mixed 
in their correct proportions, as, if incorrect proportions are 
used in the first instance, it is impossible to remedy the 
error afterwards. This applies more particularly to the 
semi-wet process, where the slurry is pumped direct from 
the wet mills to the kiln drying floors, and no correction 
of errors can then be made. The original method of 
checking the correctness of the proportions, was to take a 
sample of slurry as it came from the wash-mill, say suffi- 
cient to produce a bushel of clinker, dry it, and calcine it 
in a small sample kiln specially kept for that purpose, 
grind the clinker separately, and test the cement thus 
produced in the usual way. Where backs were used, it 



56 The Manufacture of Portland Cement. 

was the custom to take an average sample from each back 
after three or four days' washing, and correct the mixture 
in that particular back by adding more or less chalk in the 
subsequent washing, according as the samples thus tested 
showed the contents of the backs to contain an excess or 
an insufficiency of that material. This method answered 
fairly well with backs, but with the introduction of the 
semi-wet process, it was scarcely so satisfactory, as the cor- 
rectness or otherwise of the washing could not be ascer- 
tained till at least two days after the sample was taken, 
and in the meantime the proportions might have become 
hopelessly wrong. Although the cement produced from 
such a small sample kiln gives a very good general indica- 
tion as to what the cement will be when produced in larger 
bulk, it differs widely in many respects from the cement 
produced from clinker calcined in large masses in the ordi- 
nary way. The setting is generally considerably quicker, 
and, probably owing to the calcination being more regular, 
a sample burnt in a small sample kiln will bear considerably 
more carbonate of lime than one burnt in a large kiln in the 
ordinary way. It therefore follows that a cement produced 
from a sample kiln showing very slight signs of " blow," 
will generally mean serious " blow " when the same slurry 
is calcined in a full sized kiln in the ordinary course of 
manufacture. 

The most convenient method of checking the propor- 
tions of raw materials during working, is to ascertain the 
percentage of carbonate of lime in the slurry or compo, 
which is generally accomplished by estimating the percent- 
age of carbonic acid, and calculating therefrom the carbon- 
ate of lime. There are several well-known methods of esti- 
mating the carbonic acid gas in any given substance : the 
most convenient, perhaps, for the cement manufacturer's pur- 
pose is the volumetric method, which readily enables the 
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volume of gas to be determined, and, by the use of tables, 
the percentage of carbonate of lime in the slurry can be 
estimated in a very few moments. 




The 6rst apparatus for this purpose that was used to 
any extent, was that devised by Dr. Scheibler, shown in 
Fig. 1 1. The gas is generated in the bottle A, and passes 
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into the india-rubber bladder K in the bottle B. The con- 
sequent displacement of the air causes the water in the 
graduated tube C to fall accordingly, and thus the amount 
of gas generated is measured. Supposing the apparatus 
to be connected up, as shown, and bottle E full of water, 
the method of working is as follows : Open the nipper tap 
P, and blow through V, till the tubes C and D are filled 
with water a little above zero poJnt. Then close P, and by 
slightly opening it again, the water is allowed to run back 
into E until it is exactly at the zero point. The stopper of 
A being removed, the water in filling C drives the air back 
into B and compresses the bladder K which should be 
almost cofnpletely collapsed before each experiment, so 
that there may be no risk of the gas subsequently gene- 
rated being in any way compressed within it On the 
other hand, if the bladder is empty before the water in 
the tubes reaches zero, the air in B would be compressed, 
and the water in the graduated tube C would not reach 
the zero mark, in which case the tap g should be slightly 
opened to allow of the escape of the excess of air. 
Of course, once the apparatus has been adjusted the 
bladder will empty itself after each operation. Take out 
the gutta-percha acid tube S, and place a weighed quantity 
of dried and finely powdered sluny into the bottle A, 
taking care that the inside of the bottle is carefully wiped 
drj' before each operation. Fill the tube S with 10 cc. of 
hydrochloric acid of I'I2 specific gravity, wipe off any 
acid that may have escaped down the sides, and place it 
carefully in the bottle A, taking care that none of the acid 
is spilled during the operation. On closing bottle A with 
a well greased stopper, the water in C will sink slightly, 
owing to the compression of the air. On opening the tap 
g for a second or so, the pressure is removed and the water 
again rises to zero point Take the bottle A with the right 
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hand, holding it by the neck so as to avoid warming as much 
as possible, and slightly incline it so that the acid runs out 
of the tube on to the slurry. The gas will immediately be 
given off with considerable effervescence and cause the water 
to fall in tube C and rise in tube D. By carefully opening 
tap P during the operation the water in the two tubes should 
be kept as near the same level as possible. Tilt bottle A by 
degrees so that all the acid runs out of the tube, and when 
the effervescence has practically ceased, thoroughly shake 
with a rotatory motion until all the gas has been liberated 
and no further increase is noted in C. Allow the bottle A, 
which may have been slightly warmed by the hand, to 
stand a minute or two till it has acquired the temperature 
of the air, and after having brought the level of the water 
in D to the same level as C, the reading of the latter gives 
the volume of carbonic acid evolved. To this quantity 
must be added a small amount for the gas absorbed by 
the hydrochloric acid, which is approximately 4 cc. accord- 
ing to the total quantity evolved. 1000 cc. of carbonic acid 
at normal temperature and pressure weigh i '97146 grams, 
and correction, of course, has to be made for variations in 
temperature and pressure. The author knows of no pub- 
lished tables for special use with this apparatus, and there- 
fore it involves a good deal of calculation. Some few years 
ago, before the later forms of apparatus came into use, he 
used this calcimeter for about twelve months, with the aid 
of a special set of tables kindly lent by a friend, and ob- 
tained fairly good results with it, certainly as accurate and 
with much less labour than with any of the apparatus of 
the well-known Schrotter type, in which the carbonic acid 
gas is dried by passing through some desiccating agent and 
allowed to escape, the difference in the weight of the appa- 
ratus, before and after the evolution of the gas, indicating 
the amount contained in the material under examination. 
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A later form of volumetric apparatus is that devised by 
Dietricti, of which a sketch is given in Fig. I2. The gas is 
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measured over water in much the same way as by the 
Scheibler apparatus, but the water equilibrium is main- 
tained by lowering the left-hand tube which is fixed to a 
clip sliding on a brass rod Another feature of this appa- 
ratus is that the gas is made to pass through the coil of a 
condenser immersed in water so that it is maintained at a 
given temperature. Instead of afterwards correcting for 
variations in temperature and barometric pressure, a set of 
tables is provided for use with this instrument by which a 
variable amount of slurry is used, according to the tem- 
perature and pressure prevailing at the time. A further 
table is also provided, giving the corrections to be made 
for absorption of gas by the acid employed, the amount 
absorbed varying according to the quantity of gas evolved. 
The method of working is very similar to that of the 
Scheibler apparatus. The left-hand tube is raised until the 
water in the right-hand graduated tube reaches the zero 
mark on the scale. The left-hand tube will then be nearly 
empty. The slurry and the tube containing acid having 
been placed in the generating bottle in the usual way, and the 
stopper replaced, the tap at the top of the graduated tube is 
closed. The acid is then allowed to flow on to the slurry ; 
as the gas is generated it depresses the water in the right- 
hand tube, and the left-hand tube is therefore correspond- 
ingly lowered so as to maintain the equilibrium. When the 
bottle has been thoroughly shaken to make sure that all the 
gas is liberated, it is placed in the condenser jar, where its 
contents are reduced to the temperature of the water therein. 
The reading of the scale plus the correction for absorp- 
tion, according to the table provided for that purpose, gives 
the weight of carbonic acid evolved. 

Fig. 13 shows a compensated variation of the Dietrich 
apparatus specially devised by the late Henry Faija for 
use by cement-makers, the details of which have been 
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very carefully considered, so as to render the working of 
the instrument as easy as possible. To avoid the neces- 
sity of correction by calculation for barometric pressure, 
an aneroid barometer is attached to the equilibrium tube, 
so that the pressure in the gas measuring tube may be 
thereby adjusted to the normal ; by this means the only 
factors affecting the volume of the gas that have to be 
taken {nto account, are temperature and the amount of 
gas absorbed by the acid used. As previously stated,' 
the latter varies with the volume of gas evolved and the 
amount of acid used, but if a given quantity of hydro- 
chloric acid is always used, it is evident that the instru- 
ment may be so scaled as to allow for the percentage 
of gas absorbed. In this instrument the scale has been 
arranged to work with 0*35 fluid oz. or 10 cc. of hydro- 
chloric acid. This only leaves the temperature to be 
taken into account, and a table is supplied by which 
the reading of the instrument at a given temperature gives 
the percentage of carbonate of lime in the slurry. The 
following is the adaptor's description of the instrument 
and its method of working. 

A is the generating bottle. 

B is the acid measure. 

C is the gutta-percha acid tube. 

D is the condenser with lead coil. 

E IS the gas-measuring tube, having at its upper end 
the two taps F and G. 

H is the equilibrium tube, which may be moved up and 
down, and secured in any position, by fixing it on the 
rod I by means of the thumb-screw K. 

L is the barometer, to which is attached on its uppei 
side the tap M. 

N is an india-rubber ball, attached by a tube to the 
barometer, which ball may be compressed or expanded by 
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turning the handle O, thus adjusting the pressure in the 
instrument. 

To set up the instrument, it is first necessary to secure 
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it firmly against a wall, taking care that the lubes E and 
H are perfectly vertical. Then attach the india-rubber 
tube P, connecting the lower ends of tubes E and H. 
Tube H should then be lowered until its upper neck is 
a little above the lowest reading on tube E, a funnel in- 
serted in the neck of H, and the tube filled with water until 
the water rises up to the lowest reading in tube E. When 
filling with water, the two taps F and G should be open, 
and as air is likely to accumulate in the india-rubber 
tube P this should be squeezed and pressed until the 
air is all expelled. The water used should be distilled 
water, and in order that all air may be expelled from it, 
it should be boiled and allowed to cool before pouring 
into the instrument. Then attach the other india-rubber 
tubes, as shown in the drawing, put the stopper into the 
generating bottle A, close taps G and M, and see if the 
connections are air-tight. This is ascertained by placing 
the equilibrium tube H in such a position that there is a 
difference of several inches in the level of the water in the 
two tubes E and H, and noting the reading of the level of 
the water in tube E ; if the connections are air-tight, the 
water will remain at this level for an indefinite period. If, 
on the other hand, the water in E rises or falls, some of the 
joints are not tight, and they must be made tight by bind- 
ing them with thin brass or copper wire. The condenser D 
should be filled with water. 

Having ascertained that the instrument is tight, the 
mode of working is as follows : — 

First remove the cork from the generating bottle A, 
and take out the acid tube C, then open the taps F, G 
and M. Elevate tube A to such a height that the water 
in tube E is exactly level with the mark immediately under 
tap F, and secure it there by turning the thumb-screw K. 
Weigh out the quantity of carbonate of which it is desired 
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to determine the carbonic acid it contains, and place it in 
the generating bottle A. Measure out the proper quantity 
of acid to use, in the measuring glass B, and pour it into 
the acid tube C Wipe the outside of the acid tube C, so 
as to be sure that no acid has run down the side, and 
insert it, with a pair of tongs, into the generating bottle A. 
Re-insert the stopper in the generating bottle A, taking 
care that it is secure and tight Close tap G, and take 
hold of the thumb-screw K, with the left hand and slacken 
it, at the same time keeping the tube H approximately in 
its elevated position. Now take the generating bottle A in 
the right hand, and incline it so that the acid runs out of the 
acid tube C, on to the carbonate in the bottle A, and as the 
gas is generated, lower tube H, so as to keep the water in 
tubes E and H approximately at the same level. Continue 
shaking the bottle while the gas is being generated, and be 
sure that all the acid has run out of the acid tube C. Place 
the generating bottle A into the water in the condenser D ; 
this is to cool the gas, which might have been heated by the 
handling of the generating bottle A, down to the tempera- 
ture of the water in the condenser D, Having left it there 
for a minute or so, remove it, and again shake it, and note 
if any more gas is generated. When all the gas is gene- 
rated, which is indicated by the water in tube E remaining 
in a constant position, close the taps F and M, turn the 
handle O actuating the ball N, in either one direction or 
the other, so that the pressure in the barometer is dimin- 
ished or increased, and it indicates the normal pressure of 
29*92 inches, or 760 millimetres, which is shown more 
distinctly by the heavy line on the dial. Adjust tube H, 
so that the water in it is exactly level with the water in 
tube E, and take the reading of the Jevel pi the water in 
tube E. This reading is the amount of gas developed at 
the standard pressure, and simply requires correction for 
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temperature, which may be ascertained by the tables, as 
already explained. 

When using the instrument the thermometer should be 
placed and left in the water in the condensing vessel D, as 
it is the temperature of this water which governs the tem- 
perature of the gas ; but it is as well to try and adjust the 
temperature of this water to approximately the temperature 
of the atmosphere of the room in which the instrument is 
worked. 

Before commencing an experiment, the reading of the 
barometer should be ascertained, and if above 29*92 inches 
or 760 millimetres, the ball N should be compressed, so that 
by turning the handle O and allowing it to expand, the 
pressure in the barometer will be decreased. If, on the 
other hand, the barometer is below 29*92 inches or 760 
millimetres, the ball N should be left fully expanded, so 
that by turning the handle O, and compressing it, the 
pressure in the barometer will be increased. 

The author used this apparatus continuously for two 
years at a cement works, and always found it a very 
reliable instrument There are one or two points, however, 
which need attention. In the first place, care should be 
taken that the graduated tube containing the carbonic acid 
gas is not warmed by the rays of the sun or fire, as the 
volume of the gas would thereby be increased and give an 
erroneous reading. It is also as well, as above stated, to 
maintain the water in the condenser vessel at approximately 
the same temperature as the air in the room. 

It will be found that a regular and systematic method 
of testing the slurry will fully pay for the time and trouble 
involved in making the tests ; in fact, in no other way can 
reliable results be obtained from the materials under treat- 
ment If the percentage of carbonate of lime is allowed 
to fall below a certain limit, the strength of the resulting 



Wet Mills, 67 

cement is generally seriously impaired, whereas, if the 
percentage rises too high, an unsound, dangerous cement 
would result, and one that might bring all sorts of un- 
pleasantness in its train, both for the manufacturer and 
the user. It is needless to remark that, of the two evils, 
excess of clay is far less dangerous than an excess of 
chalk, as the former merely results in a somewhat weaker 
cement, while the latter might cause the utter destruction 
of any work in which the cement was employed, and thus 
involve the manufacturer in heavy claims for damages. If 
the slurry is much too low in carbonate of lime, it will be 
found that the mass of the clinker, especially if thoroughly 
burned, will have a tendency to spontaneously disintegrate 
and fall to powder on cooling, thus choking the draught 
and spoiling the burning of the upper portion and remainder 
of the contents of the kiln. According to Le Chatelier, this 
is due to the formation of certain crystals of di-calcic silicate ; 
if the clinker is somewhat under-burned, and the calcination 
is not carried to incipient vitrifaction, these crystals are not 
formed, and the above-mentioned phenomenon is not pro- 
duced. Those conversant with cement manufacture have 
doubtless noticed that when a " burr " or extremely hard- 
burned, partially fluxed piece of clinker, has been got out of 
the kiln while still very hot, and allowed to cool, the mass will 
often gradually disintegrate, and if burned sufficiently hard, 
will ultimately be reduced to a heap of bluish-grey dust. 

The plan adopted by the author for sampling the slurry 
was as follows. The man in charge of the wash-mill was 
provided with a large earthenware vessel of about one 
quart capacity and several smaller ones of about half a pint ; 
a slide or shutter was made to fit into a groove cut in the 
square wooden shoot leading from the wet stones to the 
pumps, so that by sliding in the shutter, the Bow of the 
slurry was arrested, and a pool formed of sufficient depth 
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to enable a dip to be taken with a small ladle. Every 
quarter of an hour a sample of slurry was taken from this 
shoot and placed in the large pot called the ** average" 
pot, so that at the end of the day it contained an average 
of the day's working. In addition to this average sample, 
a sample consisting of three dips taken at intervals of five 
minutes was taken every three hours during the day, 
and together with a small sample from the average pot, 
sent up to the testing room. This method enabled a cor- 
rect knowledge to be gained of the percentage of carbonate 
of lime in the slurry at stated periods in the day, and also 
the average of the day's washing up to that period. 

In taking the sample of slurry for testing purposes as 
it leaves the wash-mill, care must be taken that the sample 
thus procured fairly represents the bulk. It is scarcely 
safe, for instance, to dip a ladle into the surface of the 
stream of slurry as it flows along the trough or shoot, more 
especially if it has been flowing some distance. In such a 
case, the coarser particles of chalk would have a tendency 
to gravitate to the bottom, and thus a sample taken from 
the surface of the stream only would be misleading. It is 
better in such cases to adopt some modification of the 
sliding shutter arrangement above described, by means of 
which the whole of the flow is temporarily arrested, and a 
fair average sample procured. For drying slurry quickly 
for testing purposes, tin patty pans about 3 inches in dia- 
meter will be found very convenient, as they can be placed 
directly over the gas or other heating surface, and heated 
quickly without fear of breakage. Care must be taken, 
however, that the slurry is not exposed to too strong a heat 
when nearly dry, or some of the carbonic acid may be 
driven off, which would of course lead to an erroneous 
result when tested by the calcimeter. 

There is one item, however, which must not be lost sight 
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of in estimating'the carbonate of lime in the slurry, and that 
is the amount of organic matter contained in it It is very 
evident that if a slurry contains say three per cent of 
organic matter, which would be lost in burning, in addition 
to the carbonic acid, the actual lime in the calcined product 
would be proportionately higher than if the slurry contained 
only one per cent, of such oi^nic matter. Where facilities 
exist, therefore, it is as well to occasionally estimate the 
loss at red heat, in addition to the amount of carbonic 
acid, as it serves for a check on the calcimeter, and where 
that instrument only is used, also tends to prevent un- 
intentional overliming, consequent on variations of organic 
matter in the clay. 

The correct proportion of carbonate of lime in the slurry 
depends, firstly, on the chemical constituents of the raw 
materials, i.e. the proportions of silica and alumina in the 
chalk and clay, and secondly, on the thoroughness with 
which the several processes of manufacture are carried out 
As will be demonstrated hereafter, a thoroughly washed, 
perfectly calcined and finely ground cement will bear with 
safety a considerably greater percentage of lime than one 
which has been less efficiently prepared. The usual practice 
is for the dry slurry to contain from 75 to 77 per cent of 
carbonate of lime, according to circumstances ; and most 
manufacturers, having found by experience the exact per- 
centage which gives the best results with their materials 
and method of manufacture, endeavour to adhere as closely 
as possible to that percentage. It must not be forgotten 
that, although the estimation of carbonic acid in a slurry 
serves to control the amount of chalk used, the composition 
of the resulting cement does not by any means correspond 
exactly with that of the slurry, after deducting the carbonic 
acid therefrom and calculating the residue to 100 parts. 
One factor which largely affects the composition of the 
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resulting cement, is the ash of the coke or whatever fuel 
may have been used for calcination. The following table 
of analyses, recently made by the author to investigate this 
question, gives the percentage and composition of the ash 
of six different samples of coke, taken from various cement 
works on the Thames and Medway. 
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It will be seen that the ash consists chiefly of insoluble 
silicate of alumina and iron, some samples also containing 
a marked quantity of sulphuric acid. As it takes from seven 

■ 

to ten cwt. of coke to calcine a ton of cement clinker, ac- 
cording to the type of kiln used, it will be readily seen that 
the ash has a considerable effect on the ultimate composi- 
tion of the cement. 
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CHAPTER IV. 

t 

DRYING FLOORS AND KILNS. 

Having by means of wet mills reduced the raw materials 
to the requisite mechanical mixture, the next step in the 
process of manufacture is to drive off the water it contains, 
and then, by calcination to incipient vitrifaction, convert 
the mixture into its proper chemical compounds. The 
chemical reaction which takes place on calcination is 
that the carbonic acid in the chalk or carbonate of lime 
is first driven off, and when the requisite degree of tem- 
perature to cause incipient vitrifaction is reached, the 
resulting lime combines with the clay or silicate of 
alumina to form silicates and aluminates of lime. With 
the original system of backs, it was usual to dry the 
slurry on drying floors, heated by coking ovens, so that the 
waste heat from the coking ovens was utilised for drying 
purposes, the coke produced being used for calcining the 
clinker. This system is now almost obsolete, the drying 
being almost universally effected by utilising the waste 
heat from the kilns, which in the older factories was 
allowed to escape unutilised. Where Dietsch kilns are 
used, however, and others of a similar nature, that cannot 
be adapted for drying the slurry, separate drying floors 
have to be made use of, and a description of them, there- 
fore, may not be out of place. 

The drying floor should be of such a capacity that it 
will dry in twenty-four hours as much as is required for 
the day*s work ; if one kiln of 25 tons of clinker output is 
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to be loaded per day, the floor should be capable of drying 
its equivalent ofthe raw slurry, i.e. about 37 tons, the stripped 
portion being covered with fresh wet slurry as fast as the 
dried material is taken off, so that no heat may be lost 
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An illustration of a drying floor of the usual design, reduced 
from a working drawing is shown in plan and section in 
Fig, 14, It consists of a series of coke ovens or other 
convenient furnaces from which flues lead to a number of 
chimneys, or a large central chimney, according to circum- 
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stances. These flues are about one foot wide and one foot 
deep, with 9-inch brickwork between them, and for the 
first twenty feet from the ovens they are built of fire-bricks 
and covered with fire-tiles, this construction being necessary 
to resist the intense heat generated by the ovens or fur- 
naces ; the further ends of the flues, or tails as they are 
generally called, are covered with cast-iron plates about 
i^inch thick. The greatest heat of these flues, of course, 
is immediately over the ovens or furnaces, and in covering 
the floors with slurry it is necessary to put the greatest 
part of the load over the ovens, gradually reducing the 
thickness towards the tail end, where the heat is not so 
intense ; by this means the whole of the load is dried and 
ready for removal practically at the same time. As covering 
and stripping the floors and loading the kilns is generally 
piecework, i.e. so much per ton, it is the aim of the man 
who undertakes the covering of the floors to so arrange 
the load that all of it is dry by the time the strippers come 
to it, and of course at the same time to get as much dry as 
possible. The coke ovens, which are drawn and recharged 
every twenty-four hours, are generally loaded with fine coal, 
the quantity and quality of the coke produced therefrom 
varying according to the quality of the coal used. Drying 
floors are sometimes arranged to be covered throughout 
the greater part of their surface with steel plates, and the 
flues made wide and deep, so that they can also be filled 
with slurry, which is dried by the heat passing over it. 
This arrangement works very well where backs are used, 
and the slurry to be dried is somewhat stiff", but with the 
semi-wet process where the slurry is of a more fluid nature, 
some difficulty is experienced in keeping the joints of the 
plates sufficiently tight to prevent leakage into the pits. 
As these plates have to be taken off* every time the contents 
of the pits are removed, there are obviously not the facilities 
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for keeping a tight joint as when they are permanently fixed 
in one position, and unless care is exercised, the leakage 
into the pits will sometimes be sufficient to stop the flues 
altogether. A similar arrangement of pits is sometimes 
used in the drying chambers of kilns, to which the same 
objections may be urged. 

The original form of kiln used for calcining cement is 
shown in section in Fig. 15, which is reduced from a work- 
ing drawing ; although it is far from economical, inasmuch 
as all the waste heat is allowed to escape, the clinker re- 
sulting from this kind of kiln is probably better than that 
burned in closed chamber kilns, which utilise their waste 
heat for drying the next load of slurry. The outer 
structure of the kiln may be built of brick, stone, concrete 
or any convenient material at hand, but its lining, owing 
to the great heat to which it is subjected, must be of fire- 
brick. It is found advantageous, if the kiln is built of 
stone, concrete or other material than brick, to place a good 
back lining of ordinary brick behind the fire-brick lining to 
minimise the effect of the heat upon the stone or concrete. 
Moreover, when the fire-brick lining gets burnt out and 
has to be renewed, the back lining serves as a contour for 
the bricklayers, and the new lining has only to be laid up 
against the back lining instead of having to use a template. 

The part of the kiln lining which will be found to 
require most repairs and attention is that which is directly 
exposed to the reducing action of the white hot clinker. 
As the bulk of the charge shrinks to about one-half after 
calcination, owing to the expulsion of the carbonic acid in 
the slurry and the combustion of the coke, and the fire 
commences at the bottom and gradually works up, it is 
very evident that only the lower half of the lining is ex- 
posed to the reducing action above mentioned. In order, 
therefore, to protect the lining as much as possible from 
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this reducing action, it is usual, after the kiln is drawn and 
before the next load is placed in it, to daub the lower part 
of the lining with wet slurry or similar material, which acts 
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as a protective skin, and greatly prolongs the life of the 
fire-brick. 

In loading a kiln, the first step is to place sufficient 
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wood and coke on the fire-bars to start the fire ; then the 
dried slurry and coke, or whatever fuel may be used, are 
loaded in alternate layers, the quantity of fuel decreasing 
towards the top. The proper loading of a kiln is quite an 
art in itself, and is generally undertaken by the man in 
charge of the loading gang. Most kilns will be found to 
have little peculiarities of their own, and it is the burner's 
duty to watch the clinker as it is being drawn, and note if 
any portions are under or over burned, so as to be able 
to correct any error in the next loading. In most kilns 
the greatest draught is in a line from directly over the 
drawing eye upwards, and naturally where the draught is 
greatest the least fuel is required. Generally speaking 
therefore, it is found necessary to place the greatest por- 
tion of the fuel round the outside of the kiln, the centre, 
where there is most draught and less cooling influence, 
requiring comparatively little. The time which a kiln 
takes to bum off depends upon its size and shape, and 
upon the draught, whether natural or forced. Another 
potent factor is the direction and force of the wind ; 
obviously, if there is a strong wind blowing directly into 
the drawing eye, it acts as a, forced draught, and con- 
sequently the sooner the kiln bums off; wherever possible, 
therefore, the kilns should be so arranged that the drawing 
eyes face in the direction of the most prevalent winds. 

Sometimes, owing to peculiarities of loading or other 
reasons, a kiln "hangs up," or "goes to sleep," i.e. the 
materials in settling down, form a dome or arch of clinker, 
which is almost impervious to the draught, and unless 
vent is given and a hole made through this dome, the fire 
will take days to get through it, if indeed the kiln does 
not go out altogether. If, after being alight a day or two, 
a kiln is found to be progressing very slowly, and little 
or no smoke issuing from it, it is generally an indication 
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that it is " hung up/' and steps must be taken to pierce an 
opening through the obstruction. This is generally accom- 
plished by opening the loading eye above, and running a 
long iron bar of about i J-inch diameter down through the 
mass, until the obstruction is penetrated and free draught 
reinstated. It is not sufficient to simply make a hole 
through the obstruction; the unbumt contents of the 
kiln overlying it should be got down, till the hollow space 
which will be found under the dome in question is filled 
up, so that, as the burning progresses, the contents of the 
kiln may fall in regularly and evenly. 

The fuel most commonly used for burning cement is 
ordinary gas coke, and this is the most convenient fuel for 
the type of kiln generally used in this country. When coke 
supplies are short, as sometimes happens in the summer 
months, substitutes have to be used, and of these, hard 
anthracite coal is found to give the best results. The chief 
objection to coal, however, is that, although the kilns hold 
more slurry, owing to the coal being considerably heavier, 
and therefore occupying less space than coke, it retards 
their output to a large extent, being very much slower in 
burning than coke. It also requires rather different ma- 
nipulation, and although good results have been obtained 
by the author with kilns using nothing but coal for calci- 
nation purposes (except a few bushels of coke at the bottom 
to start the fire), he always found that a burner who was 
used to coke, required considerable practice before he could 
get equally good results with coaL While on this sub- 
ject, it may be said that the burning of cement requires a 
good deal more judgment and experience than is generally 
recognised ; to load a kiln properly, is really as much skilled 
labour as that of a fitter or mechanic. Where ordinary open 
or bottle kilns, without drying chambers attached, are used, 
it will be found a great advantage when using coal as fuel 
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in them, to improve the draught by increasing the height 
of the dome or chimney by a few feet ; a small outlay in 
this direction will be found to materially increase the output 
of the kilns. 

Coming next to the several varieties of combined kilns 
and drying floors— or to be more accurate, kilns of which 
the waste heat is utilised for drying the slurry or slip — 
although there are several cement works in England which 
claim to have been the flrst to erect and use kilns of this 
description, the first manufacturer to adopt them to any 
great extent was Mr. I. C Johnson, of Greenhithe. It may 
therefore be of interest to reproduce the illustration and 
quote from his original patent. No. 1583, of 1872, in 
which he describes his invention and claim as follows : — 

"The invention consists in constructing the drying 
chambers of a rectangular or other corresponding shape, 
and with the roof of semicircular or equivalent form 
springing from the floor or near thereto. One end of 
the chamber is open to the heat from the kiln or furnace 
and the products of combustion pass over instead of under 
the mass to be dried, and find an outlet into a chimney at 
the opposite end of the chamber through a door in which 
the material is preferably inserted. The chamber is suf- 
ficiently high for men to work in, and may be placed in 
connection with coke ovens, kilns, or other heating appli- 
ances, so that the waste heat in passing over the mass can 
be utilised before passing into the chimney, 

" The floor of the chamber may be slightly inclined 
towards the front to induce the mass to flow down it, and 
so become more and more exposed to the top heat which is 
passing through the chamber in an opposite direction. 

" I prefer to arrange the drying chamber about level with 
the top of the cement burning kiln, so that the mass, when 
sufficiently dry, can be scraped or pushed over a ledge or 
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bridge into the kiln direct (by men in the chamber) to be 
burnt in the ordinary manner. 

" Several drying chambers may be used in connection 
with one kiln to divide the heat if desired 

" The upper part a of the kiln b is built with a flat rim, 
and is covered by an arched roof c to put the kiln into 
communication with the chininey and smoke vapour outlet 
^/ by a long horizontal chamber or flue e with a flat or 
slightly inclined floor, upon which the wet slip or slurry 
is placed or allowed to flow from the chimney end at/ 
where an aperture g provided with a door is situated for 
its reception from trollies, barrows, boxes, or other articles 
as found convenient. The roof of the chamber c is of semi- 
circular, segmental, or semi-elliptic form, and the crown 
is sufficiently high to enable a man to move along and 
spread or level the wet slip upon, and also to remove the 
dry cakey slip from the flooring into the kiln b or into a 
receptacle. 

" The chamber may be of any length, and it may be 
divided or broken up so that the smoke and vapour from 
the kiln would travel in a zigzag or circuitous route to 
utilise the whole of the heat in drying before it escapes up 
the chimney. . . . 

" The features of my invention, and to which I lay claim, 



" Firstly. The direct or top drying of slip or slurry from 
which cements are made, and also other bodies of a semi- 
liquid character, by the waste heat and vapours given off 
from kilns, ovens, and other heating apparatus when such 
drying is effected in chambers large enough for men to move 
in between the heating apparatus and the chimney substan- 
tially as described and shown. 

" Secondly. I claim the construction of semicircular or 
equivalent shaped chambers or flues with flat floors, upon 
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which semMiquid bodies used for cements can be dried as 
described and shown. 

" Thirdly. I claim dividing or partitioning off spent heat 
flues or chambers in which men can move, and the drying of 
semi-liquid bodies therein as described. 

" Fourthly. I claim the combination of a horizontal flue 
or passage with a cement burning kiln when such flue is 
used for drying by passing the heat over the material to be 
burnt in such kiln, as also the means of regulating the 
draughts substantially as described and shown." 

From the illustration it will be seen that the kiln consists 
of an ordinary bottle kiln, but without the high dome or 
chimney, and with a long horizontal chamber attached ; 
this chamber is semicircular in section and at its further end 
is a flue with dampers leading to the chimney shaft. The 
wet slurry is laid on the floor of this chamber and is dried 
partly by the waste heat from the kiln passing over it, and 
partly by the radiated heat from the brickwork of the arch. 
As in the case of the drying floors, the first few feet of 
the chamber nearest the kiln have to be built of fire-brick, 
to withstand the intense heat given off by the white hot 
clinker, the further end being built of good ordinary brick. 
The floor of the chamber is arranged at such a slope that 
the slurry is about a foot or fifteen inches thick next the 
kiln, and gradually decreases towards the flue end of the 
chamber, where it is only three or four inches in depth. 
With the floor properly arranged in this manner, the slurry 
only has to be allowed to flow into the chamber, and it will 
then find its own level, requiring no superintending and 
levelling as in chambers that are not so arranged 

The most serious item of expense in constructing the 
Johnson and similar types of kiln, is that the chamber 
being at the level of the top of the kiln, must necessarily be 
carried on arches or pillars, or some such structural arrange- 
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ment, which entails a considerable expense in building. In 
works which are built at the foot of a chalk slope such as 
those of the inventor at Greenhithe, this objection does not 
of course hold, for the kilns being built at the foot of the 
slope the chambers are carried on the chalk, the excavated 
chalk being used for the manufacture. Where this can 
be done the cost of the kiln is greatly reduced, although 
where the chambers have to be carried on arches, these 
arches can be advantageously utilised for stores of various 
kinds. 

The main principle of the Johnson kiln is that it dries 
the slurry by the heat passing over it and by the radiated 
heat from the arches of the chamber, and to this method 
some objection may be urged, inasmuch as a good deal of 
alkali and other matter volatilised during the burning of 
the kiln is cooled and deposited on the slurry in the passage 
of the fumes through the chamber, and is loaded into the kiln 
again with the next charge. Although these objections are 
not serious they detract somewhat from the ideal nature of 
the kiln; this difficulty may be obviated by constructing flues 
leading from the kiln under the slurry so that the products 
of combustion pass directly to the chimney without coming 
into actual contact with the slurry. Where this method is 
adopted it is usual to do away with the arched chamber 
altogether, and merely throw a light roof over the floor to 
keep off" the rain. This system also has its advantages and 
disadvantages, for although such open drying floors are 
much less trying for the workmen than the closed arches, 
great care has to be exercised to prevent leakage of slurry 
into the flues. If leakage takes place to any considerable 
extent, it will not only entirely stop up the flue, and so pre- 
vent the slurry drying along that particular flue, but will 
sometimes run forward down into the kiln, and alt<^ether 
spoil the bunflng. 
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The actual loading of the kiln is accomplished in vari- 
ous ways, almost every works having a system of its own, 
the principal aim being to combine economy in labour with 
excellence of results. In the chamber kilns which have 
just been described it is usual to wheel the dried slurry in 
barrows along a double 14-inch plank thrown from the 
chamber across to the opposite edge of the kiln, and tip it 
into the required position ; the burner stands below at the 
coke loading eye, directs where each load is to be tipped, 
and throws the coke on at the proper spot In some 
works, instead of tipping the slurry direct from the bar- 
rows, four baskets, each of about half a bushel capacity, 
are placed on a flat barrow for ease of transport, and the 
contents thrown as the burner directs. In this way, of 
course, the slurry can be more widely distributed, but 
the author has had charge of works where slurry was 
tipped direct in barrow-loads and the resulting clinker 
was all that could be desired Of course, where the 
loading is carried on in this manner, it is imperative for 
the burner to take proper precautions that the slurry is not 
tipped into the kiln in pieces of too large a bulk, and also 
that none is used which is not sufliciently dried In the 
first instance, the calcination will be incomplete owing to the 
bulk being too great for the heat to penetrate thoroughly ; 
and in the second instance the calcination will be incom- 
plete in the centre owing to the slurry not being dried, and 
the heat that should have been used to calcine it, having 
been partially expended in driving off the water. 

The method that is generally adopted where the slurry 
is handed into the kiln from the drying floor, is to load the 
kiln in so many rounds or layers, consisting of so many 
barrows or baskets of slurry to so many barrows or baskets 
of coke, the proportion of coke, as before mentioned, being 
greatest at the bottom, and gradually diminishing towards 
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the top, the proportion of slurry increasing in a correspond- 
ing manner. The following may be given as an instance of 
the manner in which a chamber kiln is loaded, the rounds 
or layers showing the gradual decrease in the amount of 
fuel towards the top. Sufficient faggots to start the fire 
are laid on the fire-bars, and then thirty-five baskets of 
coke placed thereon, the subsequent rounds consisting as 
follows : — 

2 rounds of i6 loads of slurry to 20 baskets of coke. 
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Kilns loaded in this manner consume rather more 
than 8 cwt. of coke per ton of clinker, and no trouble is 
experienced in the drying of the slurry. This quantity of 
fuel is exceeded in some works, while in others it does not 
amount to so much, everything of course depending upon 
the draught of the kilns and other conditions prevailing. 
The quality of the coke used also largely governs the 
amount necessary for proper calcination. During the coal 
strike some few years ago, the gas companies were com- 
pelled to use whatever coal they could obtain, and the 
consequence was that some of the coke that came into the 
hands of cement manufacturers was of very poor quality, as 
the author remembers to his cost. 

Where separate drying floors are used, and the slurry 
has to be handed up into the kilns, round wrought-iron 
tins, or " pannikins " as they are called, are sometimes used 
instead of baskets ; they contain rather more than a cubic 
foot of dried slurry, four of them being placed on a flat 
barrow for wheeling to the kiln. Such pannikins are of 
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convenient size and weight for handing up into the kiln, as 
where the drying floor level is only slightly above the fire- 
bar level of the kiln it necessitates a great deal of lifting 
towards the end of the loading. The following may be 
quoted as an example of the loading of an ordinary twenty 
ton bottle kiln, with open dome and no drying chamber 
attached (see Fig. 15). Forty baskets of coke were placed 
on the faggots, and the rounds then consisted of: — 

8 pannikins of slip to 11 baskets of coke. 
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It will be noted in this instance, that the layers not 
only gradually decrease in the quantity of coke used, but 
also gradually increase in the thickness of the rounds, i.e. 
from 8 to 24 pannikins per round. 

In the burning of kilns where the waste heat dries the 
next load of slurry, great judgment is necessary in the 
manipulation of the dampers leading from the chamber 
to the chimney shaft. For the first day or so after the 
lighting of the kiln there is not much heat given off, and 
the dampers are allowed to be fully open, so as to get the 
kiln into fire as soon as possible ; as it gets into full fire, the 
dampers should be checked gradually, and finally left only 
just sufficiently open to draw the fumes away from the 
kiln, the object being to retain the heat in the drying 
chambers as long as possible. It will be readily understood 
that if the dampers are left wide open while the kiln is in 
full fire the hot gases will go roaring away up the chimney, 
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and the kiln will in all probability be burnt out without the 
slurry in the chamber being properly dried. 

When slurry is dried by the heat passing over it and 

by radiation from the brickwork, it generally shrinks and 

cracks open in large fissures, thus enabling the moisture to 

escape. The author once had a very unpleasant experience 

when the works of which he was in charge ran short of 

water during a very dry summer, and as barely sufficient 

fresh water could be procured for the boilers, salt water had 

to be used for the wash-mills. It was found when using 

salt water, that the slurry very rarely dried satisfactorily 

in the kiln chambers, and further, never seemed to shrink 

and crack open. On closer examination, it wa£ noticed 

that the lower part and general mass of the slurry had 

shrunk and cracked in the usual way, with the exception of 

a skin of about half an inch or so on the top, which on 

analysis proved to contain a large quantity of salt. It is 

well known that when wet slurry has been allowed to stand 

a few hours, the chalk and clay composing it having a 

considerably higher specific gravity than water, the water 

separates and rises to the surface. In this instance, it was 

evident that the water on evaporating had left a crust of 

solid saline matter which sealed over the cracks, and as 

the steam was thereby prevented from escaping, of course, 

the slurry could not dry. It is, therefore, obvious that for 

chamber kilns where the slurry is dried from the top by 

radiation and by the heat passing over it, salt water should 

not be used for washing purposes. Of course, where it is 

dried on drying floors or by means of flues underneath, the 

use of salt water does not so much matter, inasmuch as the 

slurry begins to dry from the bottom, and the steam bubbles 

through the mass and is thereby forced to escape. 

When the drying chamber of a kiln is designed to dry 
the slurry solely by radiation and the heat passing over it, 
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there is not much variation possible from the original plan 
adopted by Johnson, but there are several modifications of 
the underneath flue arrangement, or of the two arrange- 
ments combined, which form the subject of numerous 
patents. The author's experience is that where the dry- 
ing is done by underneath flues only, and the hot gases are 
led direct from the kilns into these flues, the area of the 
kiln being so much greater than the area of the flues, the 
heat is so concentrated at the entrance to the flues, that 
the brickwork very quickly perishes at that point Where 
a suflicient draught can be obtained, a better plan is to 
combine the Johnson type of chamber with the underneath 
flue system, leading the hot gases over the slurry to the 
further end of the chamber, as in the Johnson kiln, and 
afterwards down into a series of flues which pass under 
the slurry back towards the kiln, returning again to the 
tail end of the chamber and thence to the chimney shaft 
By this means the gases from the kiln have ample vent into 
the chamber, instead of being more or less confined in the 
kiln by the small flue area. The wet slurry being attacked 
by the heat both above and below, dries much better, and 
moreover, the gases having to travel the length of the 
chamber three times before they finally make their escape, 
nearly the whole of their heat is expended in doing useful 
work. 

From a working point of view, and so far as regards 
cost of maintenance and repairs, the Johnson type of 
drying chamber is the most simple and satisfactory, as 
there are no flues to be blocked up by leakage of slurry or 
other causes, and no expense in repairing these flues and 
their necessary covering-down tiles, which in some cases 
is no small item. Whether it is preferable to have the 
chamber in one broad arch, or to divide it longitudinally 
into two narrow ones, is a point that is open to discussion. 
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It seems a reasonable conclusion that the two narrow arches, 
being of smaller span, would bear the expansion and wear 
and tear better than the one broad one, and also that the 
central wall would assist in retaining and radiating the heat 
for drying purposes. On the other hand, the slurry would 
have to be spread slightly thicker to compensate for the 
space occupied by the central wall, and, owing to the heat 
retained by that wall, the two narrow chambers would pro- 
bably not be workable by the strippers quite so soon as 
the one broad one. 

A type of kiln that has lately been considerably adopted 
in the Thames and Medway districts is the Batchelor patent 
kiln, of which an illustration is given in Fig. 17. The 
principal feature of this kiln is that the drying floors are 
arranged in two tiers, one above the other, with flues under 
the floor of the lower tier, so that the wet slurry in each tier 
is attacked by the heat both above and below. Although 
the author has not had any personal experience with this 
kiln, he believes it answers very well both as regards the 
calcination of the clinker and the drying of the slurry. An 
objection which has been raised to this arrangement is, that 
when the lower tier of arches require repairing, it is ex- 
tremely diflicult of accomplishment without at the same 
time endangering the stability of the upper tier. Owing 
to the drying floors being arranged on the double decker 
system, the length of chamber of this kiln only requires 
to be rather more than half that of the ordinary Johnson 
type, and therefore when on a flat site, where the latter 
would have to be carried on arches or similar structures, 
it is somewhat more economical in cost of construction. 

It will also be noticed that these kilns are fitted with 
the fire-brick grating arrangement patented by Mr. George 
Burge, which has also been largely used in conjunction with 
the Johnson chamber kiln. The floor of the kiln, instead 



of being fitted with 
movable fire-bars in 
the ordinary way, con- 
sists of perforated 
brickwork. By this 
means it is claimed 
that a better draught 
is obtained, and the 
wear and tear is con- 
siderably less than 
with ordinary fire- 
bars. The author was 
assured by a manu- 
facturer, a short time 
since, that he had fit- 
ted all his kilns with 
this type of grating 
in preference to the 
ordinary fire-bars, al- 
though it is but fair 
to state that one in- 
stance of the reverse 
having taken place 
recently came under 
his notice. It will be 
seen that the grating 
is at ground level, 
and a sort of pit is 
arranged underneath 
for the double purpose 
of allowing air to 
enter and to enable the 
ashes and fine clinker 
which fall through the 
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grating to be removed. The clinker is drawn out through 
an eye or opening at ground level in the front of the body of 
the kiln, which has to be bricked up and rendered practically 
air-tight with a plastering of wet slurry before the kiln is 
lit The usual method of drawing kilns with these gratings 
is to lay an iron plate on the grating to form a shovelling 
surface, it being impossible to use a shovel satisfactorily on 
the uneven floor of the grating. This plate is gradually 
pushed forward, and the clinker falls on to it and is thus 
easily shovelled up into the wagon or barrow. A modifi- 
cation of this patent which saves a good deal of labour, 
though it is rather more expensive to erect, is to raise 
the grating sufficiently above the ground level to enable a 
small tram wagon to be placed underneath. The front 
part of the grating, for about three feet or so, is removed, 
and the opening fitted with short lengths of fire-bars which 
are removable in the ordinary way. When, therefore, a kiln 
has to be drawn, these fire-bars are removed and a wagon 
run in underneath the aperture thus formed, so that the 
clinker drops into it or is shovelled down off the grating, 
instead of being allowed to fall on to the floor of the drawing 
eye, as is the usual plan, and having to be lifted up thence 
into the wagons. Unless there is rising ground at the back 
of the kilns on which to carry the drying chambers, this 
modification is decidedly more expensive in first cost, as 
in order to get the same kiln capacity, the whole of the 
structure has to be raised proportionately, which in a series 
of kilns would mean a considerable extra amount of brick- 
work. Where a natural slope exists, however, the extra 
cost is not great, and it certainly saves a great deal of 
labour on the part of the drawers. 

Joy's patent process, which is a combination of the 
intermittent and continuous kiln, is used at some works 
in the Medway district, and the manufacturers maintain 
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that it shows considerable economy. The principle of the 
process is that the kiln is started with dried slurry and coke 
in the ordinary way, but when a sufficient body of fire 
has been thus obtained, wet slurry, mechanically mixed 
with fine coal or coke breeze, is fed in by hand at the top, 
according as the fire works up, until the kiln is full of 
clinker ; the fire is then allowed to die out and the kiln 
drawn in the ordinary way. Attached to the kiln is a 
small drying floor sufficiently large to dry enough slurry 
for starting the loading. By means of specially devised 
machinery, the slurry is delivered alongside the kiln ready 
mixed with the 'proper proportion of breeze or fine coal. 
The manufacturers claim that by this process a complete 
check can be kept on the burning of the kiln, as the man 
in charge is always in attendance, and thus a more regular 
result is obtained than with the ordinary method of burning. 
Although this system is still extensively used at one large 
factory, it has been tried elsewhere with varying success and 
gradually abandoned. 

There is no doubt that from an economical and scien- 
tific point of view, a continuous kiln is the correct one to 
use, as in the ordinary intermittent kiln there is an enor- 
mous amount of heat wasted, owing to the immense mass of 
brickwork, &c., to be heated every time the kiln is lit 
As one or more men have to get inside the kiln for the pur- 
pose of loading, it has to be allowed to cool sufficiently to 
enable them to work in it, and consequently is nearly cold 
before it is again lit up. 

A type of continuous kiln that has been used in this 
country with some success is shown in Fig. 18, and was 
patented by Dietsch in 1884. Small coal is the fuel gene- 
rally used, and the cost of calcination as compared with 
the ordinary bottle kiln is very small, but, like the bottle 
kiln, the slurry has first to be dried by separate drying 
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The HofTmann or ring kiln, which is shown in plan 
and section in Figs. 19 and 20, is not much used in this 
country for calcining cement, although abroad it has found 




Fig. 19. 
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a certain amount of favour. It consists of a series of 
chambers arranged in a circle or in a circular form round a 
central shaft. Each chamber has a flue connecting it with 
the chimney, and also a loading eye or door opening out- 
wards. The slurry for calcination in this kind of kiln has 
to be pressed into brick form, to enable it to be properly 
piled up in the chamber, somewhat similarly to the manner 
in which bricks are loaded for burning in a brick kiln — in 
fact, this type of kiln is largely used for brick burning. The 
principle on which it works is a continuous one. When one 
compartment is loaded, it is shut off from the succeeding 
one, which is empty and ready for loading, by a sheet of 
iron or similar contrivance, and the shutter separating it 




from the preceding compartment just previously loaded is 
removed. The flue connecting it with the chimney is then 
opened, and the corresponding flue of the preceding com- 
partment closed. By this means, the waste heat from the 
compartment which is undergoing calcination, is passed 
forward through it, and as the compartments are worked 
in turn, the contents gradually become heated. The cold 
air, in passing through the previous chambers in which 
calcination has been completed, is heated thereby before it 
reaches the compartment containing material undergoing 
calcination, and thus the cycle continues. It is usual for 
a compartment to be loaded and one to be drawn every 
day. The fuel is not loaded in with the bricks, but is fed 
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in at the top, throgh suitable openings, while the contents of 
the chamber are being calcined This form of kiln is very 
economical in fuel, but, like the Dietsch kiln, is very expen- 
sive in labour, and requires very skilful operation to obtain 
satisfactory results. The greater part of the cement industry 
in this country being conducted on the wet system, this type 
of kiln is not so suitable as some of the intermittent types, 
but it is used to a considerable extent in Germany, where the 
dry process is more in vogue. Where the cost of fuel is of 
more importance than labour, it would doubtless be more 
economical, but under the conditions of cheap fuel and com- 
paratively dear labour which exist in England, there would 
be no economy in its use. 

It has been stated in the preceding pages that the 
insufficiently burnt portions of the clinker are reloaded into 
the kiln with the next charge, and burnt again to the 
proper state of incipient vitrifaction. When much of this 
underbumt is present in a freshly loaded kiln, it tends to 
slake and go to powder, which chokes the draught of the 
kiln, and spoils the calcination of the whole of the load. 
It is therefore sometimes found advisable to re-burn it 
in separate subsidiary kilns, and by some manufacturers 
this is claimed as an economy. Of course these kilns re- 
quire very cautious loading, and only fairly large lumps 
can thus be dealt with, any dust or crumbling portions 
stopping the draught and altogether spoiling the burning ; 
if such kilns are loaded with half-burnt in too fine a state 
of division, the mass will often smoulder for days without 
vitrifying at all, and the material comes out of the kiln very 
much in the same condition in which it was placed there. 

Although for the fire-brick lining of the kilns and 
chambers, the ordinary 9" x 4V' X 3" fire-brick is most 
commonly used, it is sometimes found advantageous to use 
bricks of a larger size, viz. about 9" X9" X 9", or fire-lumps 
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as they are generally called. It will be readily understood 
that as one of these lumps occupies about six times the 
space of an ordinary brick, a great deal of time is saved 
in bricklaying, and moreover, there being considerably 
fewer joints, the fire has less opportunity of attacking the 
lining. Where there are a series of kilns, all of them 
exactly of the same size and shape, it is found economical 
to have the fire-brick for them made in lumps of special 
sizes, so as to fit the various parts of the kiln with practically 
no bricklaying ; for instance, segments to fit the arch of the 
loading eye, and the arch of the drawing tunnel, as well as 
other places where arches have to be turned. When these 
fire-lumps are ordered from the manufacturer in fair quanti- 
ties, the cost is practically the same as for ordinary sizes, 
and the labour saved ^n repairing or relining a kiln is con* 
siderable. • 

It is usual to lead the products of combustion from 
chamber kilns into one tall chimney shaft, by which a good 
draught is secured, and the waste gases delivered at a suffi- 
cient altitude to avoid creating a nuisance. Where the latter 
is no object, an equally good, or even greater draught may 
be secured, by the use of a " Blackman " ventilating fan, built 
in at the end of the flues near the chimney and exhausting 
the kilns into it. It will be readily understood that where 
such forced, or rather exhaust draught is used, to render 
it efficient, great care must be taken that the kilns and 
chambers are practically air-tight, so that there is no 
leakage of air into them other than that which passes up 
through the kiln. The author is acquainted with one works 
where this forced draught has been adopted and is used with 
advantage. In this instance there are five large 35-ton kilns 
in one nest, having a cross-flue at the end of the chambers, 
leading to one common shaft, the draught being governed 
by two dampers to each kiln. As originally arranged, 
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with ordinary draught, these kilns were each loaded once a 
week ; but with forced draught, it was found that by loading 
Monday's kiln with a somewhat lighter load, say 30 to 32 
tons, it could be burned off and drawn on Friday, ready for 
loading with a full load on Saturday, thus obtaining an extra 
30 tons output per week. In addition to this, it was found 
that with forced draught a considerable economy of fuel was 
effected, the saving ranging from 1 5 to 20 per cent, according 
to the draught employed. Of course there are many points 
to be urged for and against the use of forced draught. Its 
chief advantage is that by varying the speed of the fan 
and the judicious use of dampers, it enables the draught 
to be increased or decreased as required. At starting, the 
maximum draught is put on, so as to draw the kiln up to a 
fire as soon as possible, but as soon as the kiln is in full fire, 
great care must be taken to avoid drawing the heat away 
from the chamber too quickly, only just sufficient draught 
being allowed to draw the heat forward from the glowing 
mass of clinker to the drying chamber. Nothing is more 
annoying than to find a kiln burnt off and the slurry for the 
next load only partially dried, and nothing is more ex- 
travagant than lighting up small loads in a large kiln, or 
making fires of coke or other material on top of the clinker 
to complete the drying of the slurry. 

The size and shape of a kiln depends entirely upon 
the desired output and the site on which it is to be erected. 
For general purposes a kiln with an output of 25 tons of 
clinker is a convenient size. The shape of the kiln is a 
matter that is open to some discussion. It is very evident that 
in a kiln which is more basin-shaped than cup-shaped, the 
contents being, so to speak, spread over a greater area, the 
fire will have less height to travel through before reaching 
the top, and consequently the kiln will burn off more 
quickly. A basin-shaped kiln, however, requires a good 
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deal more care in loading than the ordinary bottle shape, 
for it is very evident that unless it is loaded in exact agree* 
ment with the draught, it will not fall in or settle equally 
when the contents sink during burning, and therefore the 
calcination will not be carried out equally throughout the 
kiln. At one works with which the author was connected, 
there were two 18-ton kilns which were very broad in com- 
parison with their height, in fact basin-shaped kilns, and 
these two could be depended upon to burn off and be ready 
for loading regularly twice every week. It may be stated 
here in passing, that after a kiln has burned off, it is a very 
fair indication of equal calcination if the contents have 
sunk to a fairly level surface. If there are any parts which 
are not calcined properly, the contents of the kiln wilt be 
** humped up" — to use a burner's phrase— at that spot. 
It will be readily understood that it is of great import- 
ance to keep the kilns loaded to their full capacity, i.e. it 
is verj^ wasteful and extravagant to light up a kiln with a 
small load, as the same amount of heat has to be expended 
in heating up the mass of brickwork for a small load as for 
a large one. Of course, sometimes such a course is un- 
avoidable, as for instance when through an accident the 
chamber contains a considerable quantity of slurry that 
is scarcely dry enough to load into the kilns, and it is 
consequently necessary to light up a small load to com- 
plete the drying. 

In placing the fire-bars in the kiln, care should be taken 
that they rest securely upon their supports, as if, by any 
accident, the bearing bar should become detached, and 
the bars be allowed to drop just after the kiln has been 
lit, not only will the proper calcination of the clinker be 
seriously interfered with, owing to the obstruction of the 
draught, and the general disarrangement of the loading, 
but the fire-bars themselves will be utterly destroyed 
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and reduced to a shapeless molten mass by the *^ firing " 
of the kiln, i.e. the coke that is placed on the bars to start 
the fire, as explained on pages 84 and 85. Nor will the 
difficulty end there, for in drawing the kiln, it will be no 
easy matter to distinguish and entirely separate the molten 
metal from the clinker, and if any considerable part of the 
iron goes forward to the crushers and millstones, it may 
seriously damage the grinding machinery, When, how- 
ever, the fire has got well away from the bars, and the 
kiln is about half burnt off, it is sometimes found desir- 
able to thoroughly shake the bars, and draw out one or 
two here and there, so as to get rid of any dust or ash 
that may be present, and thus promote a freer draught. 
This course is more especially found to be advantageous 
when a kiln is going slowly, and requires infusing with a 
little more life. 

The maintenance and repair of kilns form one of the 
most serious items of wear and tear in a cement factory. 
After a comparatively short period, a new fire-brick lining 
wants continual attention and patching, until it eventually 
gets unsafe and the kiln has to be relined throughout. 
The upper part of the lining, which does not come into con- 
tact with the white-hot semi-molten clinker, and therefore 
is not attacked by the lime therein, will be found to last 
considerably longer than that of the zone of greatest wear 
mentioned on page 74, and where the kiln is properly 
back-lined, it is usual, in order to economise fire-bricks, to 
line this upper portion with bricks on edge only, such a 
lining being found ample for the purpose of protecting that 
part of the structure of the kiln. Whatever the wear and 
tear, it will be found desirable and instructive to keep a 
record of the life of each kiln lining, and the amount of 
material and labour expended on it in repairs. In the 
matter of cost of maintenance, the old original bottle kilns 
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will be found to compare very favourably with the more 
generally used chamber kilns. Obviously in the former case, 
there is no long chamber or series of flues to keep in repair, 
and the lining of the kiln with a chamber attached will be 
found to give way sooner than that of an open bottle kiln. 
This peculiarity is doubtless due to the fact that in the 
latter case, the heat escapes easily without any confinement, 
whereas in the former, it is more or less confined within the 
kiln itself, more especially with those types of kiln in which 
the whole of the gases are led direct into comparatively 
small flues at the side of the kiln. 

Attempts have from time to time been made to utilise 
gaseous fuel for cement burning, but so far this method of 
calcination has not met with any degree of success in this 
country, although the author believes that in. America it 
is now in use with satisfactory results. Some ten years 
ago or more, the late Mr. F. Ransome brought out a 
special plant for calcining cement with gaseous fuel, which 
consisted of a slowly rotating cylinder lined with fire-brick, 
and inclined at a slight angle from the horizontal ; the 
gas flame was led in at the lower end and passed up 
through the centre. Dried slurry was fed in at the upper 
end of the cylinder in a moderately fine, granular condition, 
and in consequence of the angle of inclination, gradually 
passed towards and out at the lower end. The interior of 
the cylinder was fitted with longitudinal projections or steps, 
which carried the slurry up from the bottom till it nearly 
reached the crown of the cylinder, when it fell off and passed 
through the flame to the bottom to be again carried up, so 
that the slurry was kept continually moving and being 
brought into contact with the flame. The chief advantage 
claimed by this process was that the slurry was presented to 
the flame or vitrifying agent in small pieces, and therefore 
was more evenly calcined than in the large masses usually 
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loaded into ordinary kilns ; moreover the resulting clinker 
being mostly in a fine state of division, the cost of sub- 
sequent grinding and reduction to powder was considerably 
less than with the ordinary methods of calcination. This 
process of calcination was tried at one works on the Thames 
with a fair amount of success, but was finally abandoned. 
Some of the cement produced by it came into our labora- 
tory for testing purposes ; its chief peculiarity, as com- 
pared with the same slurry calcined with coke in the 
ordinary way, was its extremely quick-setting nature, the 
hardening process commencing almost immediately the 
water was added to it. 

A later invention of a similar nature is that patented 
by Mr, Stokes. Mr. Stokes goes further, and utilises the 
outside of the cylinder for drying the slurry, which by 
a special arrangement is carried up by the cylinder as it 
revolves, dried while passing over the top, and detached 
as it descends in a dry condition ready for feeding into 
the furnace. Although in theory such continuous systems 
of calcination are advantageous as regards thorough con- 
trol of the degree of heat applied, and economical as regards 
the saving of the fuel required to heat the large masses of 
brickwork in the intermittent kilns, they have not met with 
any practical success, and so far as the author is aware, 
none of them are at present at work in this country. 
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CHAPTER V. 

DRY MILLS AND WAREHOUSES. 

Having in the preceding chapter discussed at consider- 
able length the various methods of calcining the raw 
material, the next step is to describe the various means 
of reducing the calcined mass to a fine powder, so as to 
enable it to readily combine with water. This is one of 
the most important parts of the manufacture, as it has 
been proved that the cementitious value of the particle 
is in strict ratio inversely proportional to its diameter, i.e. 
the smaller its diameter, the greater its comparative value ; 
apart from this fact, it is very evident that the finer the 
sample is ground, the greater is its covering power, and 
therefore the more valuable does it become as a construc- 
tive material. 

The first step is to draw the clinker from the kilns and 
convey it to the mill. This is generally done by manual 
labour, the mass being detached and wheeled in barrows 
to the crushers ; where it has to be carried any distance, it 
will be found economical to use Decauville wagons or one 
of the other well-known systems of light tramways. 

Where the kilns can be left long enough to cool suffi- 
ciently for a boy to enter before drawing, it will be 
found advantageous to pick off the underbumt portions 
generally to be found on the surface of the clinker, and 
remove them ready for re-burning. If these underbumt 
portions are drawn in the ordinary way with the well burnt 
clinker, they are always crushed up more or less in falling 
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down with the rest of the mass, and are therefore much 
more difficult to pick out than if removed from the surface 
in the first instance. Although desirable, this method in- 
volves some loss of time, it being more general to com- 
mence drawing the kilns before the fire has quite died out 
on the top of the clinker, provided, of course, that the 
slurry in the chamber is sufficiently dry to enable such a 
course to be pursued. 

It is impossible to avoid the presence of a small por- 
tion of underburnt material in the kiln, and this should be 
carefully picked out and thrown aside to be re-calcined 
A boy is generally employed to pick out this ** half-burnt," 
" pink," or " slack," to give it its various names, as it is 
thiown up into the wagons or barrows by the drawers. 
Some firms who recognise the importance of eliminating 
the underburnt as far as possible, go to the expense of 
erecting a short length of broad conveyor trays or travel- 
ling tables, about i8 inches wide, leading from a hopper to 
the crushers. The clinker is tipped from the wagons or 
barrows inlo the hopper, whence the conveyor carries it 
forward in a steady stream to the crushers, and a boy is 
stationed on each side of the table to pick out any under^ 
burnt pieces that there may be in the clinker. This 
arrangement not only affords every facility for thoroughly 
eliminating every particle of " slack," but also provides a 
fairly uniform rate of feed to the crushing machinery. 

Properly burnt clinker is a dark-green, almost black 
looking substance, of a spongy, porous, honeycombed 
nature, somewhat resembling coke in appearance, though 
of course a great deal heavier and harder. If calcination is 
carried beyond the point of incipient vitrifaction, the clinker 
loses its porous spongy characteristic, and becomes a dense 
metallic looking mass, which on grinding is practically 
inert. Light, very much underburnt clinker, consisting of 
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slurry which has only been subjected to sufficient heat 
to drive off the carbonic acid, is a soft yellowish substance, 
somewhat resembling lime — in fact it is nothing more or 
less than a species of hydraulic lime. The slurry gets 
darker and heavier in proportion to the degree of heat to 
which it has been subjected, until the point of incipient 
vitrifaction is reached, when it becomes the heavy porous- 
looking mas^ above described. 

It may be mentioned in passing, that an examination of 
a piece of underburnt clinker is often of very considerable 
value in detecting bad or imperfect mechanical mixture of 
the raw materials. The small pieces of unreduced chalk in 
the slurry are converted into quicklime, without having been 
exposed to sufficient heat to make them combine in any 
way with the rest of the constituents, and they are conse- 
quently noticeable in an imperfectly calcined clinker as 
white, more or less disintegrated particles, showing very 
clearly what would be the subsequent effect, in the finished 
cement, of small pieces of unreduced chalk or other car- 
bonate of lime in the slurry or compo. 

The clinker as it comes from the kilns is generally passed 
through crushers of the well-known Blake-Marsden type 
shown in Fig. 21. As will be seen from the illustration, 
the jaws C*, C of this machine form a V-shaped opening, 
the former being stationary, and the latter hinged at E. 
A knapping motion is imparted to the lower end of the 
moving jaw by means of the toggle plates, J, K, actuated 
by the eccentric on the central shaft F ; at every revolu- 
tion of the shaft, the jaw C® approaches and recedes from 
C* about half an inch ; when, therefore, a piece of clinker 
falls between these jaws, it is crushed by their converging 
action, and on C^ receding, it drops still further into the 
opening to be again crushed, and so the process continues 
until it is sufficiently reduced to pass out at the bottom. 
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The shaft F is actuated by two heavy fly-wheels, one at 
each side of the machine, running at about 250 revolutions 
per minute, so that the crushing power of the Jaws is 
enormous. As the lower end of the jaws have the greater 
part of the work to do, they consequently wear much 
more quickly than the upper part, and therefore they are 
made so as to be readily taken out and reversed. It is 
usual, with this machine, to reduce the clinker to about the 




size of walnuts, but the fineness to which the material is 
crushed may be adjusted by means of the screw wedge L, 
which enlai^es or decreases the distance between the jaws 
as may be required. 

A later type of crusher, made by the same firm, is 
shown in Fig. 23, which they describe as their " improved 
lever motion hand-hammer action " machine. As will be 
seen from the illustration, the jaws are arranged in the same 
manner, but a lever H is introduced between the pitman G 
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and the toggle plate J. It is not easy to see wherein this 
motion is an improvement on the older type of crusher, and 
at first blush it seems rather an unnecessary complication 
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of a very simple machine, though its efficiency is vouched 
for by more than one well known firm of cement makers. 

Although crushers of the Blake type are most generally 
used for the preliminary reduction of the clinker, some 
manufacturers employ corrugated or toothed crushing rolls 
for that purpose. An illustration of a pair of Neate*s 
crushing rolls is shown in Fig. 23. The makers claim 
for them that the low speed at which they run (5 to 12 
revolutions per minute) ensures the minimum of wear and 
tear, and that when running empty, as crushers often are 
for a good part of the day, their continuous revolving 
motion takes much less power to drive than the reciprocat- 
ing motion of the heavy hammer-like jaw of the Blake 
type of crusher. Moreover, the curved fang-like design 
of the teeth of these rolls, tends to crush the clinker 
finer, or rather to produce more fine particles and dust 
than the Blake type of crusher, which was originally de- 
signed for producing road metal, the essential of which is 
a maximum of cubical material of a certain size, and a 
minimum of dust and fine particles. 

As the clinker leaves the crusher, or crushing rollers, it 
falls into the elevator boot beneath, whence it is raised by 
means of an elevator to the hoppers over the grinding ma- 
chinery. These elevators are somewhat similar to those 
already described for elevating the slurry to the wet stones, 
but as the work they have to perform in elevating rough 
clinker involves considerably more wear and tear, the buckets 
are usually attached to a specially designed chain instead 
of a belt. The hoppers over the grinding machinery may 
be arranged -either as one large hopper to feed two or more 
machines, or a separate hopper may be arranged for each, 
but in either case they should, in the aggregate, be large 
enough to contain sufficient clinker to keep the mills going 
for twelve hours, so that not only would there be a supply 
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in case of breakdown of the crushing and elevating ma- 
chinery, but as in many works it is the custom to run the 




mills night and day, sufficient clinker could be drawn during 
the day to fill up the hopper and leave a supply for the 
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night's working. This arrangement avoids drawing kilns 
at night-time, which, apart from the inconvenience to the 
workmen, cannot be so readily superintended by the fore- 
man whose duty it is to see that the underburnt portions 
are properly picked out 

It is usual to place the feeding hopper of the crushers 
on a level with the ground, so that the clinker can be 
tipped alongside and gradually fed or " trimmed " in. The 
practice of tipping wagons or barrows of clinker direct into 
the crusher is not to be recommended, as it puts a sudden 
and undue strain upon the machinery ; although it costs a 
trifle more in labour to have the clinker fed in by degrees, 
it will be found well worth the extra cost in the saving of 
wear and tear. It is also the duty of the man who trims in 
or feeds the crusher to keep a bright look out for any scraps 
of iron that may by accident have got among the clinker, 
such as small detached pieces of fire-bar or the old scraps 
of iron that are sometimes found among the coke. If such 
pieces of iron should pass the crusher and go forward to the 
millstones, they shake and damage the grinding face of the 
latter terribly before they can be got nd of, while some of 
the patent mills which are in use for cement grinding are 
very seriously damaged thereby. If by any chance a piece 
of iron too large to pass through the jaws should be drawn 
into the Blake crusher, it will be so tightly jammed that the 
machine will have to be thrown out of work till the toggle 
plates can be taken out and the obstruction removed. The 
author has cause to remember one occasion when the work- 
man who was feeding the crusher, was breaking up a large 
piece of burr or heavily burned clinker, and the head of the 
sledge hammer came off and fell into the crusher, where it 
became so firmly jammed between the jaws, that a great 
deal of time and trouble was wasted before the mass could 
be removed. 
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The feeding hopper of the crusher being on a level with 
the ground, the crusher itself is consequently below ground, 
and arrangements should be made that the pit in which 
it is placed is sufficiently large to allow of all parts being 

« 

accessible for lubrication and repairs. As it has rather 
heavy work to do, it should also be firmly bolted down to 
a good solid concrete foundation. 

The original and still very largely used method of 
grinding cement, is by means of the ordinary 4 foot 
6 inch millstones, of the usual bedstone and runner type, 
built up of specially selected French burrs ; although 
several other kinds of mills have lately been introduced, 
it is doubtful if any of them give the same amount of 
flour or impalpable powder as the stones. It is well 
known that this impalpable powder is the essential feature 
of the cement, and therefore the comminuting machinery 
which gives the greatest proportion of flour is the best for 
the purpose in question. 

The millstones used for grinding cement are practi- 
cally the same as regards gearing as those used for re- 
ducing the wet slurry, but the nature of the material to be 
treated being very much harder and more refractory, the 
arrangements for feeding and the dress of the stones have 
to be modified, and the runner is also made much heavier, 
so as to give greater crushing power. An illustration of 
an ordinary pair of 4 foot 6 inch stones, reduced from a 
working drawing, is given in Fig. 57. The feed is eflected 
by a convenient opening in the apex of the overhead hopper, 
provided with a slide or shutter, whence the clinker drops 
into a small inclined feeding trough or shoe, which leads 
into the eye of the stone ; this shoe is pivoted at the upper 
end, and at the lower is continually tapped by a revolving 
'* damsel " as it is called, which is attached to the cross-bar, 
and revolves with the stones. The shoe is kept in contact 



112 TJie Manufacture of Portland Cement. 

with the damsel by means of a cord or other attachment, 
fastened to a spring arrangement, generally consisting of a 
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thin wooden wand which is fixed to the outer casing of the 
stones as shown in the illustration. The amount of shaking, 
and consequently the feed, depends upon whether the shoe 
is kept in fairly close contact with the damsel, or whether 
it is only lightly touched by it. It is important, of course, 
that the stone should have just as much as it can properly 
pulverise and no more, an excess of feed resulting in chok- 
ing the stone, and inefficient reduction. As the grinding 
face of the runner gradually wears, it is necessary to main- 
tain its weight by " backing " ; this is accomplished by 
fitting two hoops of sheet iron, about 8 inches broad, over 
the top of the stone, one round its outer circumference and 
one round the inside of the eye, and filling up the annular 
space thus formed with concrete composed of some heavy 
aggregate and Portland cement ; lumps of old iron are 
sometimes added to increase its weight. It will be 
readily understood that in backing a stone, great care 
must be taken to afterwards balance it, or it will not 
run true. The balancing is generally accomplished by 
having three or four cavities at different parts round the 
outer circumference of the backing, into which molten 
lead may be afterwards run, until the runner is correctly 
balanced on the cockhead. 

The manner in which the stones are dressed is a 
matter which varies considerably, almost all works having 
a method of their own, which they have found by experi- 
ence to be the best suited to their materials, and have 
consequently adopted. It is essential, however, in every 
case that the actual flouring surface of the stones should 
be accurately " staffed " down to a true face. Fig. 25 gives 
a diagram of three different kinds of dress which, among 
others, are in use for cement-grinding. The stone illustrated 
is a runner of the ordinary 4 foot 6 inches diameter ; in each 
case the staffed face is 9 inches wide, and the swallow or 
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throat deepens to 2^ or 3 inches at the eye. No. i is the 
simplest of the three, and consists of radial cracks or 
furrows, each alternate crack being widened towards the 
centre and carried down the swallow. No. 2 is a rather 
more complicated form of dress. In this case the furrows 
are 2 inches wide and about half an inch deep on one side, 




Fig. 25. 

tapering up to nothing at the " lands " and towards the face 
of the stone. The " lands " or unfurrowed part of the stone 
are also 2 inches wide, and the lead or direction of the 
furrow is taken tangentially from a circle 34 inches behind 
the centre of the stone, as shown in the diagram. Dress 
No. 3 is really a combination of Nos. i and 2, the lead or 
direction of the furrow being the same, and the dress itself 
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consisting simply of cracks or narrow furrows \ inch deep 
and about i^ inches apart. 

The dressing of the stones is a very expensive item, 
both as regards labour, and the consequent wear and tear 
of the stones, to say nothing of the enforced idleness 
and unproductiveness of a pair of stones when up for 
dressing. As a rule, a pair of stones will not run more 
than thirty-six hours, this period of course depending upon 
the nature of the clinker under treatment, and the fineness 
to which it has to be reduced. This means that, with a 
mill containing four pairs of stones, one pair is always up 
for dressing. The proper dressing of a pair of stones, and 
looking after the feed and lubrication of those that are run- 
ning, constitutes a fair day's work for the miller and his 
mate. Where the joints of the stone ** wash " out, and also 
where the skirt or outer circumference of the stone breaks 
away, causing a tendency to throw grit, it is usual to fill up 
the interstices thus caused by running in molten lead. It 
is needless to say that the finer the grinding has to be per- 
formed, the closer the runner has to be let down on to the 
bedstone, consequently, the sooner the dress is worn off and 
the oftencr the stones require dressing. 

A very convenient method of lifting the runner for 
dressing purposes, is to support the hopper overhead by 
means of circular cast-iron pillars, fixed at such a dis- 
tance from the stones, that by means of a small detach- 
able jib fixed to this pillar, each pair of stones can be 
reached. Two claws or curved arms attached to a ver- 
tical screw running through the end of the jib, grip the 
runner centrally, both vertically and horizontally, in holes 
in its circumference specially made for that purpose. The 
claws are lowered sufficiently to be inserted in these holes 
by turning the handle attached to the top of the screw, 
and by again turning the reverse way the stone is lifted off 
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the bed and can be swung round on to the dressing platform. 
The ends of the claws which fit into the holes being circular, 
and the claws being sufficiently curved for that purpose, the 
runner can be swung over, face upwards, while in the claws, 
and thus laid on the platform ready for dressing. This 
will be found much more convenient than the clumsy 
method of lifting the runner by means of pulley blocks, 
and lowering by means of wedges, as the author has 
seen being done in some mills. 

To avoid the constant dressing of stones necessary with 
ordinary French burrs, Messrs. Addison Potter & Sons, of 
Newcastle, manufacture a patent combined emery and burr 
stone, of which the throat only is of burr, the grinding sur- 
face, as with their patent wet . stones, being composed of 
rock emery, held in position by a special metallic composi- 
tion. The author's experience of these stones some five 
or six years ago, was that the emery and metal grinding 
surface had a tendency to wear into concentric rings or 
grooves, thus rendering it difficult for the ground material 
to escape, and causing a great deal of unnecessary friction ; 
this was rather a serious objection, as owing to the extreme 
hardness of the emery and composition, it was impossible 
to satisfactorily level off the grinding surface to a proper 
face with ordinary tools. The author understands, how- 
ever, that stones of this type are now supplied with a 
narrower face, which take . considerably less power than 
the older form, and give more satisfactory results. 

The usual practice is to arrange the millstones on a line 
shaft coupled direct to the engine, the elevators, sieves and 
other machinery being driven from lay-shafts. As will be 
seen from the illustration, the stones are driven by powerful 
bevel gearing direct from the line shaft, the gearing being 
so arranged that the stones run at about 150 revolutions 
per minute. It may be mentioned here that, although it is 
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economical so far as first cost of engine, and consumption of 
fuel and horse-power are concerned, to arrange the whole 
of the machinery to be driven by one large engine, it is not 
always economical in actual working, as in case of a break- 
down in any one part of the machinery, the whole of the 
works would be stopped until the damage was made good, 
or until the damaged portion could be disconnected from 
the rest of the machinery. This often means serious delay 
and consequent retardation of the output, and it is, there- 
fore, better to subdivide the engine power so as to avoid 
such a contingency. For instance, in case of a breakdown 
in the grinding mills, the crushers and elevators also being 
stopped, the drawing of the kilns would be delayed, and 
consequently their output retarded, unless the clinker was 
temporarily stored, which would entail extra expense in 
again handling to be brought to the crushers. Now, if the 
crushers and rough clinker elevators were driven by a small 
subsidiary engine, the drawing of the kilns would not be 
interrupted by a breakdown of the other machinery, and if 
plenty of hopper room were provided, the clinker would 
thus be safely disposed of. ^?^toring clinker in sheds or / 
similar buildings is unsatisfactory at the best of times, as it 
is always liable to get more or less damaged, to say nothing 
of the extra cost of twice handling. In the same way, 
stoppage of the clinker mills would also entail stoppage 
of the wash-mills, with consequent waste of time and loss 
of output, and although there are one or two moderate sized 
works where both wet and dry mills are driven from one 
large engine, it is more usual to provide separate engine 
power for each. For the reasons previously stated, and 
from his experience of the serious delays often incurred, 
the author would go further, and provide a small sub- 
sidiary engine for the crushers and rough clinker elevators 
as above suggested. 
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As the powder leaves the millstones, it falls into a con- 
veyor, which carries it to the elevator leading to the sieves, 
which are generally placed at the top of the building. The 




FRONT CLEVATION 



SIDE ELEVATION. 



■ elevator used for raising the unsifted powder to the sieves is 
of the usual bucket and belt description, shown in Fig. 25, 
though, of course, it need not be so heavy as that used for 
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raising clinker. These elevators are generally enclosed in a 
wooden framing, boarded up as shown in the sketch, so as 
to confine the dust within them as much as possible, as there 
is always a small amount of the substance, which in falling 
out of the buckets, misses the shoot at the top, and drops 
back down the elevator casing. In a German type of ele- 
vator which the author once had under his charge, there 
was a separate metal casing provided for both up and down 
buckets, the casing being only just large enough in section 
to allow of the passage of the belt and buckets. The ele- 
vator consequently had to be perfectly vertical instead of 
being inclined at a slight angle as is the usual English 
custom. This arrangement of casing was found to be very 
awkward in the event of the bucket-belt breaking, as the 
casing being so small and inaccessible, some considerable 
difficulty was always experienced in fishing up for splicing 
purposes the broken end, which naturally always fell to the 
bottom. In the matter of accessibility the English type 
with a roomy wooden casing, as shown in the sketch, is 
much preferable. 

From the elevator, the cement falls into a shoot leading 
to the sieve, which eliminates those particles which are in- 
sufficiently ground, the fetter returning by convenient shoots 
to the stones to be further reduced, while the fine flour 
which passes the sieves is conveyed by band or other 
conveyors to. the warehouse, and by means of suitable 
openings in the conveyor trough, deposited in the re- 
quired bin. The conveyors generally used for conveying 
the unsifted cement from the grinding machinery to the 
sieve elevators, and also for delivering the sifted cement 
from the sieves to the warehouse, are of the spiral or Archi- 
medean screw type, revolving in a suitable trough. Band 
conveyors, i.e. a broad band running on rollers, are some- 
times used for this purpose, and so far as consumption of 
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horse-power is concerned, are decidedly economical, though 
they take a good deal more maintaining and keeping in 
order than the spiral type. For conveying the cement 
from millstones, or any machine by which its temperature 
is materially raised, to the sieve elevators, band conveyors 
are not so suitable, as contact with the hot cement causes 
them to get out of order very rapidly. 

The use of sieves in the manufacture of cement is found 
to be very economical, as they help the stones considerably, 
but care must be taken that the proper amount of flouring 
is done by the stones. It is possible, by excessive sieving, 
to have a cement which may all pass through a certain 
sieve, and yet contain little or no flour, it being simply 
cracked till it is just fine enough to pass that sieve. A 
practical illustration of this fact — familiar no doubt to many 
who have tried to make cement in a small experimental 
way — may be obtained by pounding some clinker in a 
pestle and mortar with frequent sifting, and comparing the 
powder thus produced with that of the same clinker ema- 
nating from millstones. It will be found that the mill- 
stone-ground material contains a much larger proportion of 
flour than that ground in the mortar, and gives infinitely 
better results when tested for strength in the ordinary way. 
There is no doubt that this is just where the many kinds 
of edge-runner mills now largely used for grinding cement^ 
fail to come up to the old-fashioned millstones, viz. in the 
flouring of the cement They depend too much on their 
sieves : the clinker is passed under the runners and all 
cracked slightly, and then passed up to the sieves ; any 
that IS cracked fine enough to pass the sieves is conveyed 
to the warehouse, the remainder being returned to the mills 
to be cracked again ; so the process continues ; the mate- 
rial often passing under the rollers ten to fifteen times 
altogether before the reduction is completed. So long as 
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the cement will pass the sieves, the promoters of these mills 
fondly imagine they have done their duty, and lose sight of 
the fact that it is the impalpable powder or flour which is 
the essential part of the cement. 

The sieves used for sifting cement are of various kinds 
and shapes, but it will be found that the hexagonal re- 
volving type, as shown in longitudinal and cross section in 
I Figs. 27 and 28, gives very 

good results. The roughly 
ground material is fed in 
at the upper end, and the 
sieve sloping at a slight 
angle, it travels slowly 
towards the lower end, 
the finer particles passing 
through the meshes en 
route, so that by the time 
the bottom is reached, little 
or nothing but the core 
or coarse particles remain, 
~ and these fall out into a 
shoot to be returned to the 
stones. On the arms of 
the sieve are placed loose 
sliding balls of cast iron 
(see detail of hub. Fig. 29), 
so that as the sieves revolve, 
these balls fall from the hub to the outer end of the arm 
and vice versd \ this imparts a jarring action to the sieve, 
which greatly assists in keeping the meshes clear, and 
facilitates the passage of the fine powder through it. To 
prevent the jar being too severe, a rubber washer is placed 
at each end of the arm, which softens the fall, and prevents 
any damage being done by excessive vibration. In some 
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Fig. 29. 
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works a square revolving sieve is used of somewhat similar 
design, and some manufacturers prefer a circular revolving 
one ; of these latter types the author has had no experience, 
and therefore cannot speak definitely, though he believes 
such sieves have given satisfaction. For use with edge- 
runners and similar mills, where a large quantity of coarse 
particles and fairly large pieces of clinker have to be dealt 
with, it is usual to arrange two sieves on the one frame, one 
within the other, the inner one being composed of a per- 
forated steel plate, which retains the coarser and heavier 
particles, and only allows the moderately fine material to 
pass to the outer gauze or wire cloth, thereby reducing the 
wear and tear, and greatly prolonging the life of the latter. 
In one works with which the author was connected, a 
German type of sieve was used, which consisted of a sloping 
frame about 8 feet long and i foot 6 inches wide, hinged at 
the upper end ; two renewable wooden blocks fixed under- 
neath the lower end of this frame, rested on toothed wheels 
or beaters, similar to a couple of ratchet wheels, revolv- 
ing on a horizontal shaft, by means of which a jarring 
motion was given to the frame. The cement was fed in at 
the top and ran down the surface of the slope, the fine 
particles which passed through the sieve being conveyed to 
the warehouse, and the core returned to the stones in the 
ordinary way. This type of sieve is very convenient, as it 
can at all times be inspected, and the gauze being fitted 
into a separate movable frame, the working part of the 
sieve can be easily removed for cleaning purposes, and if 
necessary a fresh one put in its place in the meantime. The 
main objection to these sieves is that the powder has a 
tendency to converge and run in a thick stream down the 
centre of the slope, by which means the only part of the 
sieve doing effectual work is the three or four inches in the 
centre, and unless carefully watched as to feed, the cement 
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IS not thoroughly sifted, the core returning to the stones, 
which should be perfectly clean, containing a large propor- 
tion of flour and finer particles. 

The Askham Air Separator (Mumford and Moodie's 
patent) of which a sectional illustration is given in Fig. 30, 

has lately come into con- 
siderable use in cement 
works, more especially 
when a very fine cement is 
required, and consequently 
the fine gauze of the ordi- 
nary sieve is apt to clog 
and cause trouble. The 
machine consists of a fun- 
nel-shaped casing, within 
which is a second funnel 
with an annular space be- 
tween the two. As its 
name suggests, the separa- 
tion is effected by a current 
of air, which is produced 
by a fan of special design 
F F, revolving in the upper 
or cylindrical part of the 
casing. The cement is fed 
into the cone G, and falling 
on to the rotating disc E, 
is thrown in a thin stream 
all round towards the fixed 
hood D. The current induced by the fan passes upwards 
and outwards between the fan blades, carrying with it the 
finer particles, which are thrown into the outer casing A and 
fall out at the bottom for conveyance to the warehouse. The 
coarse particles, which are too heavy to be lifted by the 
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current of air, fall into the casing B, whence they return by 
the branch pipes a a to the mills for further reduction. The 
current of air returns through the opening O in the direc- 
tion of the arrows, the same air being used over and over 
again. The degree of fineness of the separated material 
is regulated by the speed at which the fan is made to re- 
volve, and also by the partial closing of the opening O by 
means of the damper C, which is raised and lowered by 
the handle/ actuating the arms A A, thus interrupting the 
current of air. 

As has been already stated, there are now many kinds 
of mills in use for grinding cement, besides the original 
French burr stones, some machines being used in con- 
junction with stones, and some performing the entire work 
themselves. Of the former class, perhaps one of the most 
largely used is the Cormorant Mill, patented by Mr. John 
Hoyle. It consists essentially of a small pair of stones of 
the usual bedstone and runner type, conical in section, and 
about 24 inches in diameter, the grinding surfaces of which 
are composed chiefly of specially prepared emery. These 
stones are driven at an extremely high rate of speed, and 
deal with the tailings from the ordinary burr stones after 
the clinker has been run roughly through them, so as to 
leave, say, 40 per cent, of residue on a 50 sieve. The 
essential feature of the process is the precise manner in 
which the work is divided between the burr stones and the 
patent mill. Messrs. John Bazley White & Bros, have 
adopted the Cormorant mills very extensively at their 
several works, and the author believes they have acquired 
the rights of their exclusive use. A good deal of cement 
ground by them has passed through his hands during the 
past three or four years in the ordinary course of inspection 
for shipment purposes, and the grinding has, as a rule, been 
very fine, in some cases leaving only 3 per cent, on a 100 
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by 100 sieve. No particulars have been obtainable as 
to the horse-power consumed in comparison with other 
methods of grinding, but the inventor claims a consider- 
able economy. The fact that they are almost exclusively 
used by a firm of such high standing as Messrs. White is 
a fairly good guarantee of their efficiency. 

The Griffin Mill, of which an illustration is given in 
Fig. 31, is at present chiefly used in this country in con- 
junction with Inillstones, i.e. for reducing the tailings or 
coarser particles rejected by the sieves, after the clinker 
has passed through the stones, but in America and on 
the Continent it has come into considerable favour for 
performing the entire process of reduction. This mill 
essentially consists of a small crushing roll working by 
centrifugal force against a ring or die. The crushing roll 
is rigidly attached to the lower extremity of a shaft sus- 
pended vertically from a universal ball-joint, specially 
arranged within the pulley from which the machine is 
driven ; to this ball-joint are attached trunnions, which 
work in half boxes, and slide up and down recesses 
in the pulley head case, so that the crushing roll is free to 
swing in any direction within the casing. To the bottom 
of the roll is attached a series of ploughs or stirrers so 
that when the pan below contains sufficient material to 
come into contact with these ploughs, it is violently stirred 
up and thrown between the crushing roll and die. Attached 
to the shaft above the crushing roll is a fan which assists in 
keeping the particles in motion and drives them up against 
the circular sieve or screen arranged above the die. Those 
particles which are fine enough to pass the sieve drop down 
through the discharge aperture to the conveyor below, to be 
conveyed to the warehouse, while the insufficiently reduced 
particles fall back into the pan at the bottom, to be again 
stirred up by the plough and passed beneath the crushing 
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roll. The machine is made in two sizes, the diameter of 
Ihe ring or die of the smaller machine being 30 inches, 
and of the larger one 36 inches, the diameters of the 
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respective rolls being about 18 and 22 inches. The pulley 
speed of each machine is 200 and 150 revolutions per 
minute respectively, by which the makers claim that a 
pressure of 6ooo and 80X) lbs. respectively is exercised 



128 Ihe Manufacture of Portland Cement. 

against the die. Should a piece of iron or other unre- 
ducible material get into the mill by accident, the crushing 
roll being free to swing in every direction by means of the 
special bearing arrangement, would simply pass over the 
obstruction without causing any damage to the machine. 
At one large cement factory where these mills are used, 
they have both the 30 and 36-inch size mill. According 
to information courteously supplied by the manager of the 
works in question, the larger mill is worked on tailings from 
the separators only, the hourly output being about 38 to 40 
cwt. when ground to say 2 per cent, on a 50. The smaller 
sized mill is worked on tailings from the separators and 
clinker from the crusher mixed, a rough grating being placed 
in the clinker hopper to prevent any pieces larger than a 
walnut going forward to the mill, as such pieces would choke 
the worm feed. According to the same authority, the out- 
put of the smaller mill under these conditions is about 26 
to 30 cwt. per hour. In order to grind cement to the 
above degree of fineness, viz. about 2 per cent, on a 50 by 
50 sieve, the screen or sieve which is arranged just above 
the die, and through which the crushed material passes, 
has 30 meshes per lineal inch. 

The essential difference between this type of mill and 
the heavy roller or edge-runner type, is that it is self-con- 
tained, the grinding and sieving all being done by the one 
operation ; in the edge-runner mills, on the contrary, the 
partly comminuted material has to be elevated to sepa- 
rately constructed sieves. In corroboration of the view ex- 
pressed on page 120 that with edge-runners the clinker is 
very often only just cracked sufficiently to pass the sieves, 
without producing the proper amount of flour, the author 
was assured a short time ago by one firm of manufacturers 
who had tried mills of the edge-runner type, that they 
had carefully measured the amount of material passing 
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from them up the elevators, and calculated that for every 
2 tons of material that went forward to the warehouse no 
less than 50 tons passed over the elevators, indicating 
that the material passed under the edge-runner as many 
as twenty-five times altogether ; they further stated that 
the renewals of the gauze of the sieves under these condi- 
tions cost no less than \\d, per ton of cement ground, 
which is not surprising under the circumstances. This was 
no doubt a very much exaggerated case, the result more 
likely being due to want of proper feeding and adjustment 
of the machine, but it is given for what it is worth. 

Of the edge-runner or roller type of mill, which performs 
the entire comminuting process without the aid of stones, 
there are several kinds, the principal varieties used in this 
country being the Dutrulle and Solomon's edge-runner, 
Neate's patent Dynamic Grinder, Dufiield and Taylor's 
edge-runner, and Freeman's hydraulic pressure edge-runner. 
All these mills work on somewhat similar principles, viz. 
the clinker is passed under heavy rolling discs, which exert 
a crushing force either by their own weight or by artificial 
means, and after a certain amount of crushing, is passed 
out and elevated to the sieves, the insufficiently reduced 
portions being returned for further treatment. 

The Dutrulle and Solomon's edge-runner, of which 
a sketch is given in Fig. 32, was the earliest mill of this 
type used for cement grinding. It consists of four heavy 
rollers or edge-runners about 5 feet in diameter and about 
18 inches face, rolling vertically on a circular horizontal 
path somewhat similar to an ordinary mortar mill, except 
that the bed or path is stationary and the rollers are made 
to travel round it. With the Dutrulle mills, the runners are 
arranged to travel on separate paths, one above the other 
in concentric terraces or steps ; each of the two uppermost 
rollers has a path to itself, while the work of the lowest 

K 
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path,which is consequently cf the largest diameter, is divided 
between the third and fourth rollers. Clinker is fed on to 
the uppermost path, and passes downwards and outwards 
from each terrace and under each roller in turn until it 
passes over the edge of the outermost terrace, and by means 
of a scraper arrangement, carried round by theoutside rollers, 
it is brought to the outlet, where it falls into the elevator 




Fig. 31. 

boot, and is thus conveyed to the sieves. That which is 
sufficiently crushed to pass the sieves goes forward to the 
warehouse, the rejected particles passing back to the mills 
for further reduction. Apart, of course, from the bearings, 
the main wearing part of these rolls, as with all mills of this 
description, is the surface of the outer circumference which 
comes into contact with the clinker, and the tyres or rims are 
therefore composed of specially hard metal and are made 
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detachable so that they can be renewed when required. The 
main objection to these mills is their cumbersome nature, 




and the consequent cost of handling for renewals and 
repairs. Although this type of mill, with certain improve- 
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ments and modifications, is now working satisfactorily in 
some factories, more than one instance has occurred in 
which it has been abandoned as unsatisfactory. 

Somewhat similar to the Dutrulle mill is Neate's 
Dynamic Grinder, but with this essential difference, that in- 
stead of the roller being vertical, and the path consequently 
horizontal, both path and rollers are tilted inwards at a con- 
siderable angle, so that in addition to the crushing weight 
of the rollers, a certain amount of centrifugal force is exer- 
cised by their outward thrust. In the original mills under 
this patent, of which an illustration is given in Fig. 33, 
there are four rollers of 5 feet diameter, revolving round 
one path about 2 feet wide by 1 1 feet outside diameter ; in 
the wake of each roll round the path follows an arrange- 
ment of toothed scrapers, which, so to speak, harrow up 
the previously rolled down mass, and present a fresh body 
of substance to the crushing action of the runners. By a 
later arrangement, of which a sectional elevation and plan, 
reduced from a working drawing, is shown in Figs. 34 and 
35, these mills are made of a smaller size, viz. with crushing 
rolls of about 2 feet 6 inches diameter, and a roller path of 
5 feet outside diameter, so that they can be adapted to the 
ordinary millstone hurst in the place of French burr stones. 
These mills, in common with most patent cement-grinding 
machinery of comparatively recent date, are spoken of 
favourably by some manufacturers and doubtfully by others, 
so that it is always a little difficult to form a true opinion 
of their merits without personal experience. It is only fair 
to add, however, that they are exclusively used at one small 
works in which the inventor is interested, and, judging from 
samples which have from time to time passed through the 
author's hands for testing purposes, the cement produced by 
them is certainly ground as well as most cements of English 
manufacture. 
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Taylor and Duffield's patent edge-runner mill, of which 
an illustration is shown in Fig. 36, is used by several 
manufacturers in the London district. This mill differs 
from the usual edge-runner type in that the bed of the 




Fig. 36. 

mill revolves while the rollers run in specially designed 
stationary bearings. The essential feature of this mill is 
that by means of a cam action on the driving shaft, the 
runners are made to work to and fro laterally, by which it 
is claimed that a crushing power, more nearly resembling 



Dry Mills and Warehouses. 135 

millstones, is imparted to them. This 'mill is made in two 
sizes, the large size for separate erection and the smaller 
size to fit an ordinary mill hurst in the place of millstones. 
A type of edge^runner which 'seems to be gaining con- 
siderable favour among manufacturers in the Thames and 
Medway district is Freeman's patent hydraulic pressure 
grinder, manufactured by Messrs. Aveling and Porter, in 
which small diameter rolls are used, and pressure is sup- 
plied to them by hydraulic means. An illustration of this 
mill, reproduced from a photograph, is shown in Fig. 37. 
There are three rollers about 2 feet in diameter and 10 inches 
wide, carried in a massive cast-iron revolving frame, the 
whole revolving on a chilled cast-iron bed-plate. A hy- 
draulic ram is arranged at the top of the machine, and the 
pressure is supplied from a small pump and accumulator 
fixed at any convenient position in the building. By means 
of this pump and accumulator, any desired pressure may be 
put upon the rolls according to the hardness of the clinker, 
to be reduced, or they may be allowed to run with their 
own weight only, without any extra pressure being applied. 
In connection with the revolving frame are ploughs and 
clearing irons, so arranged as to keep the clinker under 
treatment continually in motion, and ejecting the ground 
material through an outlet provided for that purpose, for 
conveyance to the sieves in the ordinary way. This 
machine is driven from below in the same manner as mill- 
stones, and is so arranged that it can be readily placed on an 
ordinary millstone hurst in lieu of stones. As with all mills 
of this description, the chief wearing parts are the rims or 
tires of the rolls., and, judging from personal observation, the 
hardness of the metalof which these rims are composed seems 
to vary a good deal. Unless the metal is specially good, 
hollow and uneven places quickly make their appearance 
in the surface of the rims, with a corresponding diminution 
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of efRciency. The same remark as to the varying quality of 
the metal applies to the path upon which they travel, and it 
seems that in this direction it would pay the manufacturers 
of such machinery to employ a metallurgist to discover 




Fia. 37. 

why some of their rims wear so much faster than others, 
although all are supposed to be composed of the same 
metal. 

A mill that is used at one or two English fact(H-ies and 
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which has found considerable favour on the Continent and 
elsewhere, is the cylindrical ball mill, which is shown in 
longitudinal and cross section in Figs. 38 and 39. As will 
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be seen from the illustrations, it consists of a revolving 
cylindrical chamber, divided up into segments with in- 
clined steps. Rolling round the cylinder as it revolves, are 
a number of balls of various sizes, between which the clinker 
is crushed and pulverised, and their crushing and disin- 
tegrating power is further increased by their continual 
falling over the steps as shown. The path on whicii these 
balls travel is composed of specially prepared hard metal, 
and is perforated, so that when the clinker is sufficiently 
reduced, it passes through the perforation and falls first on 




I'lG. 4a 

to a perforated steel plate, which removes the coarser grit, 
and thence again on to a wire gauze of finer mesh. The 
powder which passes the gauze, falls out and is conveyed 
to the warehouse in the usual way, and the grit retained by 
the perforated plate and the sieve is automatically returned 
to the interior of the cylinder for further reduction. 

A method of gradual reduction, or rather of completing 
the pulverisation of the clinker, which lately seems to be 
making considerable headway, is that known as the tube 
finishing mill, an illustration of which is given in Fig, 40. 
It consists of an iron cylinder about i S feet long and 4 feet 
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in diameter, about half filled with flints or other hard 
pebbles. This mill is only intended for completing the 
pulverisation of the cement, and all material fed into it has 
to be first reduced by some other means, so as to all pass 
through a sieve having about 20 holes per lineal inch. 
The cylinder is perfectly horizontal, and is caused to rotate 
at about 25 to 30 revolutions per minute. The coarse grit 
is fed in at one end by an automatic arrangement, and a 
steady feed being thus maintained, it gradually finds its 
way by gravitation to the outlet at the other end, being 
pulverised and reduced in its passage by the crushing 
action of the flints falling upon one another during the 
rotation of the cylinder. The lining of the cylinder is 
composed either of renewable cast-iron strips, or of a 
small specially prepared brick, somewhat resembling porce- 
lain, set in a sort of cement also specially prepared for the 
purpose. These mills may be used in conjunction with 
millstones, or with any other machinery that will first 
roughly reduce the clinker to the fineness above men- 
tioned, i.e. so as to pass a 20 sieve. As an auxiliary to 
an already existing millstone plant, they are especially 
valuable, as they relieve the stones of the most trying and 
expensive part of their duty, i.e. the final reduction and 
flouring of the cement. It will be readily understood that 
when they only have to roughly reduce the material, the 
stones may be allowed to run comparatively light, and 
therefore do not require such frequent dressing, their use- 
ful life being consequently greatly prolonged. The output 
of a tube mill naturally depends upon the ultimate fine- 
ness to which it is required to reduce the cement, and also 
upon the coarseness of the rough grit fed into it, it being 
possible by reducing the feed to attain almost any degree 
of extreme fineness. The following are two examples 
kindly furnished by the manager of a cement works where 
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these mills are in use, showing the fineness of material 
entering and leaving the tube mill, and the output per 
hour : — 

Residue on sieves having 
— holes per lineal inch. 

I So 100 76 50 Output, 

p.c. p.c. p.c. p.c. 

j^ (Material entering mill 47 38 34 28) 2f tons per 

I „ leaving „ 23 12 6 i) ^omx. 

j^ J Material entering mill 72 67 62 56) 4^ tons per 
I „ leaving „ 37 24 16 6) hour. 



Where these mills are not required as an auxiliary to 
an existing millstone plant, it is obvious that some method 
of preliminary reduction which does not require such con- 
stant dressing and attention might be very advantageously 
substituted for the millstones. More than one firm of 
manufacturers have adopted tube mills as a finishing plant 
in conjunction with the ball mills described on page 137, 
and as both are automatic and extremely simple in their 
method of working, the cost of attendance is but trifling, 
while the cost of maintenance compares very favourably 
with that of other methods. 

The economical and efficient pulverisation of cement is a 
matter which has been exercising the mind of the English 
cement manufacturer for some time past, and all sorts of in- 
ventions have been brought forward for that purpose, some 
of which still survive, but the greater number have been 
gradually abandoned. The mills previously described are 
those which have found most favour in this country, but 
without making any invidious distinction, it is doubtful 
if any of them produce the same percentage of flour, or 
impalpable powder as the ordinary French burrs. As 
has been already stated, it is possible for two samples 
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ground by different machines to give the same result on 
a 50 sieve or on those usually used for testing, and yet 
one may be all fine grit and the other chiefly flour. In 
the course of a public discussion on the subject some three 
years ago, a patentee and manufacturer of one of the most 
extensively used edge-runner mills at the present time> 
admitted the approximate accuracy of the author's state- 
ments, viz. that a cement ground entirely by millstones, and 
leaving about 10 per cent residue on a 50 sieve, was equal 
in cementitious value to one ground by edge-runners and 
leaving only 6 per cent. A few weeks later a patentee 
and manufacturer of a rather different type of edge-runner 
mill challenged this statement in the press. Unfortu- 
nately for him he had written to the same journal a 
month or two previously, giving the comparative results 
of tests of the same cement ground by his own mills and 
French burr stones, which showed that although the former 
was ground so as to leave only a trace of residue on a 50 
sieve, it carried 1 5 lbs. less at 28 days when mixed with 
three parts of standard sand than the latter, which was 
ground to a fineness of 4 per cent, on a 50. 

As regards the power required by the various types of 
mills, the late Henry Faija in his paper on Portland Cement 
prepared for the Columbian Exhibition at Chicago in 1893, 
gives the following comparison : — 

" The power consumed by the several principles, re- 
duced to the proportion of i ton of cement per hour, may 
be approximately stated to be as follows : — 

For millstones . . 30 to 32 I.H.P. per ton per hour. 
Ball principle . . 16 „ 18 

Edge-runner principle 12 „ 14 






in each case the cement ground to a fineness of about 
5 per cent, residue on a 50 by 50 sieve, and it will thus 
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be seen that the power required is proportionate to the 
amount of flour produced." 

It has been sometimes stated that the general supe- 
riority in cementitious value of cement ground by mill- 
stones over that ground by edge-runner and similar mills, 
is due to difference in the shape of the grain produced by 
the diflerent methods, the millstones being supposed to 
produce an angular jagged grain, and the edge-runner a 
rounded one ; and that the former consequently interlocks 




Fig. 41. 
better, and forms a more tenacious matrix than the latter. 
With this view the author cannot agree ; he has examined 
many samples microscopically, and can find but little dif- 
ference in the shape of the grains produced by the various 
methods of grinding, at all events not sufficient to account 
for the superiority of the one over the other. Fig, 41 is a 
micro-photograph of the grains produced by millstones, 
and Fig. 42 of those produced by edge-runner mills. The 
grains in each case are those which have passed through a 
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^6 X 76 sieve, and have been retained on a 100 x 100, and 
are consequently magnified about 30 diameters, and it will 
be seen that in shape they are exactly alilte. As already 
stated, the superiority of the millstone cement is rather 
to be attributed to its containing a greater proportion of 
impalpable powder or flour. When cement clinker is re- 
duced to an absolutely pulverulent condition, it is no longer 
black and opaque, as it appears in the grains retained by 
an ordinary testing sieve, but splits up into transparent 




crystalline fragments. If the finest particles of cement flour 
are examined under the microscope with a fairly high 
power, say a J" objective, it will be found that they have a 
transparent crystalline appearance, very much like white 
moist sugar ; these fine particles are the essential and most 
active part of the cement, and so long as the sample con- 
tains its due proportion of them, it is obviously immaterial 
whether this degree of fineness is produced by millstones, 
edge-runners, or any other method of grinding. 
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The author, however, is very strongly of opinion that 
in using French burrs, the tendency has hitherto been to 
make them do more than their fair share of work, i.e. they 
have been required to both crush and pulverise the clinker ; 
instances have come under his notice in which clinker has 
been fed into the stone hopper, in pieces 2 or 3 inches 
in diameter, instead of being of the size of walnuts. If 
instead of putting so much work on the stones, a more 
gradual method of reduction were adopted, the results would 
amply justify the outlay — in fact, one case came under his 
notice in which the clinker, after passing the usual Blake's 
crusher, was passed through a pair of powerful rolls of 
continental manufacture, which further reduced it, so that 
none of the material fed into the eye of the stone was 

larger than a hazel nuL The output of the stones was 

» 

thereby enormously increased, and the extra power ab- 
sorbed comparatively small. 

The arrangement of the warehouses for storing the 
cement after grinding, is a matter which rarely receives 
the attention it deserves, the general plan being to make 
any kind of building serve the purpose, without due regard 
to the necessities of the case. A separate warehouse should 
be allotted to each set of mills, and proper provision made 
for dividing up each one into suitable bins, so that if from 
any cause the contents of a certain kiln should not prove 
quite satisfactory (and accidents will sometimes happen), 
the doubtful material can be ground into a separate bin, 
and kept distinct from the rest of the manufacture. 

A very convenient plan of arranging a warehouse where 
the product has to be disposed of ,by rail, is to have a long 
building with a division longitudinally down the centre, and 
each side divided off into bins of lOO or 200 tons' capacity 
according to requirements. A railway siding being ar- 
ranged alongside the whole length of each side of the 
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building, trucks can be loaded with great facility from any 
given bin. The front of each bin may be composed of stout 
wooden planks fitting into a groove formed by two battens 
nailed on to the vertical supporting timber of the building, 
so that when it is required to empty a bin, it is only neces- 
sary to pull out these planks, and the mass falls out ready 
for packing. With such an arrangement of warehouse, the 
conveyor is generally carried in the timbers of the roof, and 
the cement coming from the mills can thus be delivered at 
any required spot. 

Although, theoretically, cement ought to be fit for use 
immediately after grinding, it has always been found in 
practice that it greatly improves with age, and therefore it 
should never be sent out freshly ground when such a course 
can be avoided. Apart from the risk attending the use of 
such fresh cement, the general experience is, that to put 
hot, fresh-ground cement into sacks greatly affects the 
durability of the latter, and tends to make them rotten long 
before they would have been in the ordinary way with cool 
cement The ideas which some manufacturers of cement- 
grinding plant have of the storage requirements of a cement 
factory are rather amusing ; the author well remembers one 
case in which the plans of a factory, designed by such a 
firm, were submitted to him for inspection ; the cement, 
after leaving the sieves, was allowed to fall into a small 
hopper of two or three tons capacity, whence it was led 
direct into the sacks by a sleeve arrangement, such as is 
usually seen in a fiour mill. 

In addition to maturing the cement before delivery, 
another advantage, by no means inconsiderable, of having 
plenty of warehouse room, is that during the winter months 
or when trade is temporarily slack, the works may be kept 
going at their full capacity, and thus the working expense 
kept down, for it is unnecessary to remark that the greater 

L 
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the output, the less the cost per ton for salaries and estab- 
lishment expenses. A short output is unsatisfactory both 
to master and man : to the former because of the increased 
cost per ton, and consequent loss of profit, and to the latter 
because he is on short time, and only earns part of his 
proper week's wage. 
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CHAPTER VI. 

DRY PROCESS. 

The " dry process " of cement manufacture, as it is termed, 
has to be adopted where the physical properties of one or 
both of the raw materials to be used, are of such a hard 
nature that they cannot be mechanically mixed and blended 
in the wash-mill with water, and, as the name suggests, have 
to be ground and mixed in a dry state. The process may 
be briefly outlined as follows. The materials are first dried 
if necessary, ground to powder and mixed in their proper 
proportions, damped slightly, pressed into bricks, and then 
again dried before being loaded into the kilns for calcina- 
tion ; the subsequent operations of crushing and grinding the 
clinker being the same as in the wet process. The principal 
materials treated by this process are the limestones and 
shales of the Lias formations of Warwickshire, and the lime- 
stones and clays of Wales and elsewhere. 

Where clays and similar wet silicates are used, it is 
obviously necessary to first dry them thoroughly before 
they can be ground to powder, and for that purpose dry- 
ing floors have to be employed. These drying floors are 
generally heated by furnaces or ovens of the type de- 
scribed on page 72, although in some cases floors heated 
by the exhaust steam from the engine are made use of. 
An illustration of one of these steam-heated floors is given 
in Fig. 43. The illustration is reduced from a working 
drawing, and shows the drying floors in plan, longitudinal 
and cross sections. It will be seen that the floors are con- 

L 2 
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structed in a somewhat similar manner to those heated by 
ovens, and are covered by iron plates. The steam pipes 
traverse about half the length of every third flue, and the 
walls of the flues are built of perforated brick-work, so as 
to allow the steam to circulate freely beneath the whole 
surface of the floors. 

The materials being in a properly dry condition, the next 
step is to grind and mix them ; and, as in the wet process, 
the quality of the resulting cement largely depends upon 
the thoroughness and completeness with which they are 
mixed and amalgamated. In some cases it is found neces- 
sary to grind each component separately, and afterwards 
mix them in the proper proportions ; but most materials, 
such, for instance, as limestone and clay, though totally 
dissimilar as regards their physical properties when in the 
wet state, will, after thoroughly drying, admit of being 
ground up together, the grinding greatly assisting in their 
amalgamation. 

The grinding machinery used for reducing the raw 
materials is practically the same as that already described 
for grinding cement clinker, the primary reduction being 
effected by the usual Blake or similar crusher, and the 
final pulverisation being accomplished by millstones or other 
convenient machinery. When millstones are used, it is not 
necessary as a rule to sift the ground material before passing 
it on to the pug-mills, the fineness of the powder generally 
being sufficiently assured ; but with edge-runner mills and 
others of a similar nature, sieves of course are necessary, as 
these mills depend largely on their sieves to ensure proper 
reduction. When sufficiently ground, the powder passes by 
a shoot into the trough of a horizontal pug-mill or mixer, 
where it is thoroughly mixed, and beaten up with just 
sufficient water to enable it to be made into bricks. This 
mixer consists of a semicircular trough about 15 feet 
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long and 18 inches in diameter, according to the amount of 
material it has to deal with, through which runs a shaft 
fitted throughout its whole length with a series of blades 
set at an angle, similar to those of a screw propeller, which 
mix the powder and carry it forward to the discharge out- 
let, where it is taken up by the brick machine and made 
into bricks. These bricks are then conveyed to the drying 
floors, and thoroughly dried before being loaded into the 
kiln for calcination. 

At some works, instead of pressing the compo into 
bricks, it is cut off as it leaves the pug-mill into irregular 
lumps, which are dried and loaded into the kiln in the 
usual way, the contention being that these irregular lumps, 
being more porous than the tightly pressed bricks, are con- 
sequently more thoroughly and evenly burned. Personal 
experience suggests that the heat has greater difficulty in 
penetrating the dense compact mass of a pressed brick 
than the more porous irregular lump, and therefore the 
mass is more liable to be insufficiently calcined in the 
centre with the former than with the latter method. 

The drying of the bricks or compo before loading into 
the kilns is effected in a variety of ways, according to the 
circumstances of the case, sometimes by means of the waste 
heat from the kilns, sometimes by exhaust steam, and some- 
times by special furnaces. There is, of course, considerably 
less water to be evaporated in the damp bricks or compo 
than in the fluid slurry of the semi-wet process of manu- 
facture, and therefore much less heat is required for drying 
a given volume of raw material. At some works the waste 
heat from the kilns is utilised for drying both the wet clay 
and also the compo bricks. In such cases the brick or 
compo drying floor is arranged at the level of the top of 
the kiln, as with the Johnson chamber, and the clay drying 
floor beneath, so that the hot gases are first led under or 
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through the upper drying floor and then down through 
flues to the clay drying floor beneath ; thus the whole of 
their heat is utilised before they arei allowed to escape 
by the chimney. It is hardly necessary to add, that to 
enable this to be carried out efficiently, a very strong 
draught is required to draw the gases through at sufiicient 
velocity. 

Where the bricks are dried by waste heat from the 
kilns by means of flues leading under the drying floors, 
it is generally found that one drying floor will dry suffi- 
cient material for two or three kilns, the waste heat passing 
from the kiln being suflicient to dry the bricks in a couple 
of days. When working on this principle it is usual to con- 
struct the kilns with an open dome similar to Fig. 15, but 
with flues leading out from the side to the drying floor. 
Both dome and flues are fitted with dampers, so that the 
kiln is allowed to bum as an ordinary open kiln until the 
fire gets through the mass, when the dome damper is shut 
down, the flue dampers opened, and the hot gases made to 
pass under the drying floor to the chimney beyond. Owing 
to the small amount of drying required by the bricks or 
compo, a drying floor of one kiln capacity can be stripped 
three times a week, and thus made to serve three kilns. 

Although a mixer or pug-mill is generally used for the 
final amalgamation of the powder, the makers of the tube- 
mill described on page 138, claim that when that mill is 
used for the final powdering of the raw materials, the treat- 
ment to which it is subjected therein so thoroughly amalga- 
mates the powder that further mixing is unnecessary. From 
personal examination of a sample of compo produced by the 
tube-mill only, this seems to be the case. The same firm 
also supply a brick machine, which they claim will dry-press 
the bricks with such a small amount of water that they are 
ready for loading into the kiln immediately, without further 
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drying. If such a process should prove to be practicable, it 
would be very economical, both as regards labour and fuel 
for drying purposes, though there is the objection previously 
mentioned with regard to the proper calcination of such 
densely pressed bricks ; it seems that to press them with 
such a small amount of water as to be dry enough for im- 
mediate calcination, they must necessarily be so extremely 
dense and compact that they would not burn satisfactorily 
under ordinary conditions of calcination. 

Where the raw materials are practically alike in hard- 
ness and physical properties, such as the limestones and 
shales of the Lias formations of Warwickshire, they are 
fed in together through the crushers in the correct propor- 
tions, and then elevated to the millstone hoppers by the 
ordinary belt or chain elevator. The subsequent grinding 
of the crushed materials further assists their intimate mix- 
ture, and the ground product, as it leaves the stones, falls 
into a circular mixing pan of about ten feet diameter, where 
sufficient water is added to form it into a moderately thin 
paste, just fluid enough to enable it to be spread evenly on 
the drying floors with a rake. The mixing pan for this 
wetting process is something like a wash-mill on a small 
scale, having horizontal radiating arms driven from a 
central vertical spindle, but instead of harrows suspended 
by chains, it simply has vertical knives or stirrers fixed to 
these arms. The dry powder being fed in at the outer 
circumference and water being at the same time added, the 
material is carried round the mill by the stirrers and gradu- 
ally works towards the centre, where it overflows through 
a circular opening in a perfectly mixed and evenly wetted 
condition. 

The " shammuck," as the semi-fluid material thus pro- 
duced is locally termed, is then conveyed to the drying 
floors in trolleys or by mechanical conveyors, where 
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the added water is driven off, preparatory to its being 
loaded into the kilns for burning. At one works where 
this process is adopted, a rather ingenious tool is used 
for.levelling the shammuck on the floors, by which means 
it is caused to dry in blocks of a convenient size for load- 
ing into the kilns. This tool consists of a kind of wide 
rake with a high back and long teeth, the latter being of 
such a length and placed at such a convenient distance 
apart, that when the mass is carefully levelled with it, 
it is scored in parallel grooves, and by drawing the rake 
through the material again at right angles to its previous 
course, the shammuck is divided into lumps of about 4 
or S inches square, which readily separate when dry, the 
regular size of the lumps thus produced ensuring more 
accurate burning. 

The dried shammuck made by this process is consider- 
ably less cohesive, and not nearly so tough as the dried 
slurry made from chalk and clay by the wet process, and 
therefore greater care has to be exercised to prevent dust- 
ing while being loaded into kilns. If tipped from barrows 
direct into the kilns, as is the custom with ordinary chalk 
slurry, it would crumble to a very large extent, and thus 
choke the draught of the kiln. It therefore has to be 
lowered in shallow baskets to the loading level by means 
of a whip, where it is gently tipped into position. This 
seems rather a laborious process to those accustomed to 
work with the tougher chalk slurry, but experience has 
doubtless shown it to be necessary. 

The burning and grinding of the mixed material in the 
dry process of manufacture is the same as in the wet pro- 
cesses, and therefore a detailed description of it would 
be mere recapitulation. It has been found, however, that 
the clinker produced by the former process is considerably 
denser and more difficult of reduction than that produced 
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by the latter process, the result being that some of the 
edge-runner and other patent mills which have met with 
a fair amount of success in the Thames and Medway 
districts, have not been equally successful in treating the 
clinker produced from the Lias formations. 



THE TESTING 
OF PORTLAND CEMENT 



CHAPTER I. 

INTRODUCTORY. 

The object of testing cement is to ascertain its value as 
a constructive material, and also to determine as far as 
possible the characteristics which it may be expected to 
develop in practical use. This is, of course, chiefly the 
object of testing from the user's and scientific point of 
view ; the manufacturer, while he is doubtless interested 
in the characteristics ultimately developed by his cement, 
is generally satisfied if it is equal in quality to the tests 
demanded of it by the specification of the user, and, con- 
sidering the very varied requirements of the diflferent speci- 
fications he often has to work to, this is not altogether 
surprising. The tests which are generally carried out to 
ascertain the quality of cement are the following : — 

1. Soundness, i.e. freedom from destructive agencies 
within itself, or, as it is generally termed, " blowing." 

2. Fineness of grinding. 

3. Strength, cohesive and adhesive. 

4. Setting properties. 

5. Weight or specific gravity. 

6. Chemical composition. 

The above tests, carefully carried out, enable a fairly 
accurate opinion to be formed as to the future behaviour 
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of a sample. It would be as well, however, to point out 
that a totally erroneous conclusion may be arrived at by 
placing too much reliance on any one test by itself, such, 
for instance, as the tensile strength at seven days only, 
without at the same time carefully examining the other 
properties of the sample. Judging from remarks that are 
commonly heard on the subject, and the specifications that 
are often seen, the opinion seems to be very prevalent 
among the less well informed, that if a sample when gauged 
neat develops a good tensile strain at seven days, there is 
nothing more to be desired ; whereas it very often happens, 
that a sample which, viewed from that standpoint alone, is 
perfectly satisfactory, shows marked signs of disintegra- 
tion at the end of a month or so, and proves finally to be 
utterly worthless. Moreover the seven days* test by itself, 
in common with other tests at the one date only, gives no 
indication as to whether the cement will increase in strength 
with age, as all good cement should, or whether it prac- 
tically attains its greatest strength at that date. It is 
therefore important to ascertain the strength developed 
at two dates at least, by which means an opinion can be 
formed of its power of growing or increasing ; for it is very 
evident that a sample which attains a moderate strength 
at the earlier date and practically goes on increasing in- 
definitely, is more valuable for most kinds of constructive 
work than one which attains a comparatively high strength 
at the earlier date, and then ceases to increase and possibly 
shows a falling off. 

A great many users look askance at a high tensile 
strain at short dates as indicating an overlimed cement, or, 
at all events, one that is so fully limed as to contain an 
element of danger ; although this opinion is to a certain 
degree well founded, it by no means always follows that 
such is the case. On the other hand, it is by no means 
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safe to assume, as some users do, that a moderate tensile 
strain at seven days is an indication of soundness or a 
moderate amount of lime, for cases frequently occur in 
which a moderate or low tensile strain is unmistakably 
due to incipient disintegration. In such cases, of course, 
it is only by taking the soundness of the sample in con* 
junction with the other tests, that a true opinion can be 
formed of its quality, and the matter is only mentioned 
with the view of demonstrating how entirely erroneous 
may be the conclusions derived from a single isolated test. 

The manner in which the sample is taken for testing 
purposes is a point which does not always receive the 
consideration it deserves. To obtain a good average 
sample of any special shipment or delivery, it is scarcely 
sufficient to take the whole or part of only one sack or 
barrel as representing the whole of the bulk, as that par- 
ticular sack or barrel may contain portions of slightly 
damaged cement, and therefore scarcely be up to the 
average ; or, on the other hand, it may be rather better 
than the remainder. It is much more satisfactory to take 
a sample from at least ten or twelve sacks, say from every 
100 tons, and thoroughly mix the samples thus obtained ; 
it is also advisable to take the sample from well down 
into the heart of the sack or barrel, and not from the 
mouth or surface, where it may have become slightly air- 
set or damaged by damp. 

It is perhaps hardly necessary to add that the bag or 
box in which the sample is placed should be perfectly 
clean and free from any extraneous matter. Inattention 
to this obvious detail once caused a considerable amount 
of unnecessary trouble, and very nearly led to the cement 
under examination being condemned. When the sample 
in question was made up into pats and briquettes for test- 
ing in the ordinary way, it was found that circular stains 
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or blotches about \ inch in diameter, of a reddish-brown 
colour, gradually formed on the surface of the cement, an 
hour or two after gauging ; in the section of the week-old 
briquettes, soft areas were also found, apparently emanat- 
ing from the same cause, and owing to these soft places, 
the tensile strain developed was very inferior, while pats 
examined for soundness showed decided sig^s of expan* 
sion. In sifting the sample in the ordinary way, to 
ascertain its fineness, one or two crystals were noticed 
among the coarse particles, which, on being cleansed from 
the dust adhering to them, proved to be nothing more nor 
less than grains of ordinary crystallised sugar, and on 
examination of the bag in which the sample arrived, 
similar crystals were found adhering to the intarior of it. 
Evidently the sample had been put into an old sugar sack 
that had not been properly cleaned, and some of the particles 
of sugar becoming detached during the railway journey, 
mingled with the cement, and thus caused the peculiarities 
before mentioned. It is well known that a solution of 
sugar has a very deleterious effect, upon cement, and that 
it was responsible for the mischief in this instance was 
proved by adding two or three of the grains found in the 
faulty sample to another cement, with exactly similar 
effects ; as a further proof, a fresh sample of the original 
cement, forwarded in a clean sack, gave perfectly satis- 
factory results. 

The exact manner in which the tests mentioned at the 
commencement of the chapter are applied, is a matter which 
often gives rise to considerable discrepancies, each engineer 
having his own ideas on the subject, and naturally insisting 
on their being adopted. Unfortunately, in England we have 
no standard specification and method of testing, such as 
is recognised in Germany and elsewhere. Some fourteen 
years ago, Faija spent a considerable amount of time and 
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trouble in trying to get manufacturers and engineers to agree 
to and adopt a standard specification and method of carry- 
ing out cement tests, but, owing to the apathy of those most 
interested in the subject, he had no alternative but to let 
the matter drop. In the following pages it is proposed to 
discuss the methods most generally used for testing cement, 
together with some description of the machines and appa* 
ratus employed for that purpose. 



1 60 The Testing of Portland Cement, 



CHAPTER II. 

SOUNDNESS. 

The soundness of a cement is the most important feature 
to be determined in testing a sample, and it should 
always be first examined in that direction; it is very 
evident that, no matter what other excellent qualities a 
cement may possess, such as being very finely ground, or 
developing a high degree of strength at comparatively 
short dates, if it eventually expands and disintegrates, it is 
at once converted into a destructive agent, instead of being 
a constructive material. 

The original method of testing cement in this particular 
was to make a thin pat with tapering edges and place it in 
water as soon as set If at the end of a week, or other 
given period, it developed no cracks or alteration from its 
original form, it was considered sound. Similar pats were 
left in air, and others also placed in water immediately after 
gauging. From personal experience this method is not by 
any means reliable, as more than one instance has occurred 
in which pats thus treated have been perfectly satisfactory^ 
when examined at the expiration of seven days, and yet at 
the expiration of a longer period, both pats and briquettes 
have been found to be "blown" and disintegrated. More- 
over, similar pats have also been quite satisfactoiy even at 
the expiration of twenty-eight days, and yet the cement has 
shown signs of deterioration at the end of a longer period. 
The most reliable method for testing cement for soundness, 
in the author's opinion, is that brought out some thirteen 
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years ago by the late Henry Faija, and now commonly 
known as the Faija test for soundness. It consists in 
subjecting a freshly gauged pat to a moist heat of 100** to 
105° F. for six or seven hours, or until thoroughly set, and 
then immersing it in warm water at a temperature of 115** 
to 120® F. for the remainder of the twenty-four hours. By 
this means an artificial age is imparted to the cement, and 




Fig. 44. 

any vicious qualities which it may possess are quickly 
brought to notice. A sketch of the apparatus used for this 
purpose is shown in Fig. 44. It consists of a covered vessel 
in which water is maintained at an even temperature of 
from 1 1 5° to 1 20® F. It will be seen that the space between 
the two vessels is filled with water, which acts as a kind of 
protective jacket and assists in equalising the temperature 
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or the inner vessel ; the latter being filled with water only 
to the height shown, the space above the water is conse- 
quently full of the vapour arising therefrom, and is at the 
required temperature of ioo° to 105° F. Immediately a 
pat is gauged, it is placed over the water on the rack pro- 
vided for that purpose in the upper part of the vessel, 
where it is left for five or six hours until thoroughly set, 
at the end of which period it is placed bodily in the warm 
water. A pat made in the morning and placed in the 
warm vapour at once, may be plunged in the water towards 
the end of the afternoon, and the next morning an opinion 
can be formed of the soundness of the sample. The 
author has had a long experience of this apparatus, 
having first used it in the laboratory of the inventor for 
seven or eight years, subsequently at cement works, and 
later in his present practice, and he has always found it 
perfectly reliable. If a pat treated therein at the prescribed 
temperatures shows no signs of cracking or blowing at the 
end of the twenty-four hours, and adheres firmly to the 
glass plate on which it was made, the cement may be used 
with perfect confidence ; it will never " blow." If, on the 
other hand, the pat shows slight cracks, or blisters badly on 
the under surface next the glass, it is a danger signal, so to 
speak, which should not be disregarded. But before con- 
demning the cement off-hand, it is as well to ascertain if 
these signs of unsoundness are due to the really bad quality 
of the sample, or merely to its being too fresh or hot, con- 
sequent on having been recently ground. For this purpose 
it is necessary to spread the sample out in a thin layer for a 
day or two in a cool dry place, and then try it again. If 
on the second trial the obnoxious characteristics hitherto 
developed have disappeared, it may be safely assumed that 
the cement was merely too fresh, and will be safe to use 
after judicious aeration and maturing. 
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Particular care must be taken that the specified degrees 
of temperature are closely adhered to, as if the temperature 
of the water falls much below 1 1 5** F., a faulty cement very 
often goes undetected, whereas if it i? allowed to rise much 
above 1 20° F., a cement may be condemned that will give 
perfectly satisfactory results in practice. To guard against 
the latter contingency, a maximum thermometer is placed 
in the bath before leaving for the night, so that any ex- 
cessive temperature may be recorded. Where gas is used 
as a heating agent, especially in large towns, it will generally 
be found that the pressure increases, and consequently the 
temperature rises, about ten o'clock at night, i.e. when shops 
are being closed and the consumption is reduced. 

The following may be cited as an instance of the im- 
portance of the proper temperature being maintained. A 
cement sent to the author's testing room for examination 
and report in the ordinary way, had, according to the terms 
of the specification, to withstand a temperature of 90® to 
100® F. without showing cracks or signs of deterioration ; 
submitted to that temperature, the pats were perfectly satis- 
factory, but when subjected to the temperature of the Faija 
test, viz. 115^ to 120° the cement showed decided signs of 
expansion. This cement developed a good tensile strain at 
seven days, and the ordinary cold water pats were perfectly 
satisfactory, yet at the expiration of twenty-eight days, the 
briquettes had decreased in strength, and showed distinct 
cracks and signs of incipient expansion, while at the end 
of three months they had disintegrated altogether. Sus- 
pecting at the time some such result from the indications 
of the Faija test, the precaution was taken of spreading 
out some of the cement to aerate for a day or two, until 
the unsatisfactory indications previously noticed Were no 
longer developed, and then having a further set of bri- 
quettes made from it for the twenty-eight days' test 
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These briquettes were perfectly sound at that date, and 
the tensile strain showed a good increase over that de- 
veloped at the seven days. This example demonstrates 
the importance of adhering carefully to the requisite 
temperatures, and also shows the value of cooling or 
maturing cement before use. 

Another, advantage, by no means inconsiderable, of the 
Faija test, is that it takes only twenty-four hours to deter- 
mine whether a given sample is sound and fit for use ; 
whereas the ordinary cold pat method takes at least a 
week, and even then is not always conclusive. In fact, 
speaking broadly, if a cement is well ground and will 
satisfy the requirements of the Faija warm water test, it is 
almost invariably good enough for any constructive pur- 
poses. An American correspondent, writing to the author 
a short time ago, assured him that, as a rough method of 
testing cement, where expensive testing machines and plant 
were not available, he invariably used the Faija test, in con- 
junction with the fineness, and always found the results 
satisfactory. 

The unsoundness of cement is generally due to one of 
two principal causes, viz. either to overtiming or to under- 
burning, both giving rise to " free " or loosely combined 
lime, which expands on contact with water and causes 
disintegration. In the first instance, the cement contains 
more lime than can chemically combine with the other 
ingredients, even after proper calcination ; in the second 
case, although it contains the normal proportion of lime, it 
has not been subjected to a sufficiently high temperature 
to enable that lime to combine thoroughly with the other 
constituents. Of these two forms of unsoundness, by far 
the more insidious and deadly is that due to overliming ; a 
cement that is overlimed is very often thoroughly burned, 
and therefore, being difficult of reduction by the grinding 
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machinery, the coarser particles contain the germs of de- 
struction, which may not develop for weeks or even months 
after the cement has been placed in work. With an 
underbumed cement, on the other hand, the clinker is soft 
and easily reduced to a fine powder, and by this means the 
uncombined lime is more freely exposed to the moisture in 
the atmosphere, and thus more readily slakes and purges 
itself of its dangerous property. Moreover, a cement that 
contains free lime from underburning, " blows " in a dis- 
tinctly diflFerent manner to one which is well burned but 
overlimed. The underburned cement, if mixed with water 
before it has become sufficiently aerated to slake off the 
** free " lime by exposure to the air, simply expands in the 
same rapid manner that a cement containing a small ad- 
mixture of quicklime would do, owing tp the rapid hydration 
of the uncombined lime in its composition. The damage 
is generally but slight, and has often run its course in a 
day or two. With a cement that is overlimed and well 
burned, on the other hand, although the finer particles may 
have been sufficiently matured for the " free " lime to have 
become hydrated, and therefore harmless, the coarser 
particles, or grit, which contain the destructive properties, 
are less readily attacked by the water, and these particles 
subsequently expanding and disintegrating, cause the mass 
itself to expand and sometimes crumble to pieces. 

An example of each of the above kinds of " blow " 
once occurred at a cement works where additional kilns 
were being erected. In putting in the concrete of a re- 
taining wall, the workmen inadvertently got hold of 
some of the underbumed dust which had been thrown out 
from an adjacent kiln, which they mixed in with the rrsst 
of the concrete. The next morning the face of the work 
showed decided cracks and signs of expansion. These 
cracks, however, developed no further after the first two 
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days, showing that the hydration of the free lime was 
completed within that period. In the other instance, where 
the cement used was evidently overtimed, the cracks did 
not show for about three weeks, and then gradually got 
worse and worse, till in about four months' time the work 
had disintegrated entirely. 

A test for soundnes of a similar nature to the Faija test, 
is that advocated by the late Sir John Coode. It consists 
in warming pats of cement in an ordinary oven to a tem- 
perature of about 170° R, and at intervals, while still warm, 
brushing Ihem over with cold water. The pats, however, 
have to be seven days old before they can be subjected to 
this test, and this condition, compared with the Faija test, 
is the main objection, inasmuch as a week has to elapse 
before an opinion can be formed of the soundness of the 
sample. The author has not had a very extensive ex* 
perience of this test, having only tried it in comparison 
with the Faija test for about a twelvemonth, some ten 
years ago. As it was found that both tests gave practically 
identical results, the Coode test was abandoned in favour 
of the Faija test, the latter being so much more speedy in 
its operation. Of course, the one advantage of the Coode 
test is that it requires no special apparatus, the pats being 
merely heated in an ordinary oven at the required tempera- 
ture. < 

The hot water test of M. Deval consists of treating pats 
of cement that have been left in the air as usual for twenty- 
four hours, in a hot water bath at a temperature of 80° C. 
(176° F.) for six days or longer, after which treatment they 
are to show no cracks or signs of expansion. This test has 
also been elaborated as a means of determining, within a 
few days, the tensile strength which a cement will develop 
in cold water under ordinary conditions at longer periods. 
After one day in air and three days in the hot bath, the 
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tensile strain developed is required to be equal to that at- 
tained in seven days when immersed in ordinary cold water 
in the usual manner of testing, and, similarly, after one day 
in air and six days in the hot bath, the sample is required 
to develop the same strength that it would in the ordinary 
way after one day in air and twenty-seven days in cold 
water. The author's experience is that very few cements 
will bear this high temperature without showing cracks and 
signs of deterioration ; and as many cements which failed 
to pass this test have, to his knowledge, given perfectly 
satisfactory results in practical work, he is of opinion that 
it is needlessly severe. It should, in fact, be made use of 
in a negative sense only, i.e. if a cement does not show any 
cracks or signs of expansion when subjected thereto, it may 
be safely concluded that it will not develop any signs of 
disintegration under the ordinary conditions of practical 
use ; but on th£ other hand it is a little hard on the manu- 
facturer to condemn his cement, merely because it will not 
bear immersion in water of a temperature of 176^ F. within 
twenty-four hours of gauging. When assisting Faija in his 
experiments some eighteen years ago as to the most suitable 
temperature to use with his apparatus, it was found that the 
range previously mentioned, viz. 115** F. to 120° R, gave 
the most reliable results. It may be mentioned that this 
apparatus was really founded upon a patent (No. 875, of 
1 881) for accelerating the hardening of purpose-made con- 
crete goods, with the view of reducing the number of moulds 
and the necessary stock required by the manufacturer of 
such goods. It was found that by the judicious application 
first of a moist heat and subsequently of a warm bath, the 
concrete attained the strength of several weeks in a few 
days ; one or two cements were found to give unsatisfactory 
results in this process, and by obser\*ation it was found that 
those cements which failed under the warm bath treatment 
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afterwards showed cracks and signs of deterioration when 
treated in the ordinary way in cold water, though sometimes 
it was weeks or even months before such indications de- 
veloped sufficiently to become^ noticeable. These observa- 
tions led the inventor to make further experiments on the 
subject, and the outcome of a series of careful experiments 
resulted in the apparatus now known as the Faija apparatus 
for soundness. In 1891, when the merits of the Deval test 
were somewhat loudly boomed in the technical press, 
Faija carried out an extensive series of experiments as to 
the comparative merits of his own process and that of 
M. Deval as regards the tensile strength of cement, arti- 
ficially developed by means of a warm bath. The results 
showed that there was very little difference between the 
two, viz. that a temperature of 115° to 120° F. imparted an 
artificial age to the briquette equally well as a temperature 
of 176° F., while the former process tended less to condemn 
a really good and serviceable cement 

One or two instances of modifications of the Deval test 
have been brought forward during the last year or two, 
most of which are based on a temperature of 2 1 2° F., or boil- 
ing point, instead of 176° F. Although these modifications 
doubtless simplify matters to a large extent as regards 
the application of the test, it has yet to be proved that 
because a cement will not bear immersion in boiling water 
when twenty-four hours old, it is therefore unsound, and 
will give unsatisfactory results in practice ; whereas the 
Faija test is based on the results of practical observation 
now extending over a considerable number of years. After 
all, to use a well-worn proverb, the proof of the pudding is 
in the eating, and no test should be supported by either 
manufacturer or user, which, like the Deval test and 
other needlessly severe tests of a similar nature, tends to 
condemn a really good cement. 
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CHAPTER III. 

FINENESS. 

Next in importance to the soundness of a sample the 
author would rank the fineness to which it is ground, as 
it is very evident that the finer a sample is ground, the 
greater will be its covering power, and therefore the 
greater its value as a cementing material, to say nothing 
of the other inherent advantages of fine grinding. 

The fineness of a cement is ascertained by sifting a 
given weight through a sieve or sieves composed of brass 
wire gauze having a given number of meshes per square 
inch. For practical purposes it will be found sufficient to 
take ICO grammes, and after sifting until no appreciable 
further quantity can be got through, the residue is weighed, 
the weight in grammes of course representing the percent- 
age of residue retained by the sieve used. When the fine- 
ness on two or more sieves is to be ascertained, it is usual to 
sift through the finest one first, and treat the residue retained 
on each sieve through the next in point of coarsene.ss, till 
the coarsest one is reached. This method is accurate 
enough for all practical purposes, but where extreme ac- 
curacy is required, it becomes necessary to take a fresh 
quantity of cement for each sieve, as by the attrition of 
the particles one upon the other in prolonged sifting, their 
diameter is slightly reduced, and, as shown hereafter, an 
unduly favourable result is obtained. 

The percentage of residue by measure is a method very 
often adopted in cement works by the miller or man in 
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charge of the grinding machinery to ascertain if the cement 
passing to the warehouse is of the desired degree of fine- 
ness. For this purpose two measures are used, preferably 
composed of brass or other convenient metal, as less liable 
to breakage, the larger one having a capacity of about half 
a pint, and the smaller one holding exactly one-tenth the 
quantity of the larger ; the smaller measure is divided into 
tenths, by means of a vertical strip of metal marked off into 
ten equal divisions, fixed to the inside, and reaching from 
the top to the bottom. The larger measure is lightly filled 
with cement, and the contents sifted through the required 
sieve ; the residue is then measured in the smaller one, each 
sub-division representing one per cent, by measure. This, 
of course, is only an approximate method of ascertaining 
the fineness, as the result depends largely upon the light- 
ness with which the measure is filled in the first instance, 
and also in a lesser degree on the amount of shaking the 
residue in the smaller measure receives before its height 
is read off. It is, however, sufficiently accurate to serve 
as a guide to the miller, and it obviates the use of scales, 
which in the dusty atmosphere of a cement mill would 
not long retain their accuracy. 

Fine grinding is a matter in which continental manu- 
iacturers were for a long while ahead of their English com- 
petitors ; but the latter have recently become alive to the 
fact that if they wish to maintain their position in the 
Transatlantic and other markets, they must improve the 
grinding of their manufacture, and consequently they have 
taken vigorous steps in that direction. Not many years 
ago, 10 per cent, on a 50 sieve, and 20 per cent, on 
a 76 sieve, was considered a well ground cement, but 
now a number of our principal manufacturers habitually 
grind down to less than 5 per cent, on a *j6 sieve, 
and only a trace of residue on a 50 sieve, while for 
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some contracts they are compelled by the terms of the 
specification to grind to less than 10 per cent, on a 100 
sieve, or one having 10,000 meshes per square inch. The 
preceding results, taken indiscriminately from our testing 
books of 1880, 1885, 1890, 1895 ^^^ 1898, may be inter- 
esting on this point as showing the improvement that has 
taken place in regard to fineness during the last two 
decades, and more especially during the last two or three 
years. 

A point which is often overlooked in testing cement for 
fineness, is the thickness of the wire of which the gauze 
is composed, as it is very evident that the thicker the wire 
used, the smaller will be the aperture through which the 
cement has to pass, and vice versd. Unfortunately in 
England we have no agreement upon this matter ; each 
engineer, when he specifies it at all, specifies the thick- 
ness of wire which meets his fancy, and the result from a 
manufacture! 's point of view is often very annoying. The 
thicknesses of wire generally used are as follows : — 

New Standard Equivalent 

No. Sieve. Wire Gauge. in Inches. 

25 29 -0136 

30 31 '0116 

40 34 '0092 

50 35 -0084 

70 38 -006 

76 39 -0052 

80 39 -0052 

100 41 '0044 

120 43 '0036 

180 45 -0028 

200 46 '0024 

Another matter which will make considerable differ- 
ence in the results obtained in sifting cement through a 
given sieve, is the duration of the shaking or sifting pro- 
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cess. About five minutes' vigorous shaking and tapping 
is generally sufficient to get through all the finer particles 
that really pass the sieve ; if continued for half an hour, 
iveighable portions will still pass the sieve, but the par- 
ticles which pass the sieve after such prolonged shaking 
and sifting, do not really represent the actual fineness of 
the cement and the work done by the comminuting ma- 
chinery, but are rather due. to the attrition of the particles 
one upon another during the operation of sifting, by which 
they are reduced sufficiently for some small portion to pass 
through the sieve. As a)i experiment in this direction, ten 
ounces of cement were sifted in an 80 sieve for an hour, 
weighing the residue at intervals of ten minutes, the results 
of which were as follows : — 

per cent. 
After JO minutes' sifting the residue was 13 '5 

n 20 „ „ 13-0 

» 30 » » 12-5 

„ 40 „ „ 12 -I 

„ 50 » ». "'9 

» 60 „ „ II '7 

In checking the number of holes per lineal inch which 
a given sieve contains, it must not be forgotten that the 
stretching of the gauze in the making of a sieve, will 
very often cause an appreciable difference in the number 
of holes contained in it. For making sieves of a fine 
mesh, it will be found a very convenient plan to have a 
square wooden frame about 3 inches deep, composed of 
half-inch material, and simply fix the gauze to the bottom 
of it by screwing a slip of wood along the bottom edge. 
In this way there is no fear of the gauze being stretched, 
as is often the case in forcing the larger hoop over the 
smaller one when putting together a round sieve in the 
usual manner. 
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It must not be forgotten that in addition to the increased 
covering power imparted to the cement by fine grinding, 
the danger of blowing or of disintegration is also obviated 
to a very great extent ; for the finer the powder, the more 
readily moisture in the atmosphere, or the water used for 
gauging, can attack and render innocuous any free or loosely 
combined lime, which would otherwise be confined within 
the coarse particles, and therefore the less the chance of 
future disintegration, caused by the water eventually pene- 
trating and causing this loosely combined lime to expand. 
Special reference to this point will be found in a recent 
paper by the author on the finer grinding of Portland 
cement,* from which the following results and extracts are 
quoted ; — 
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Fineness-Residue on 
. Sieves of Holes 
per Lineal Inch. 


Pat Treated in the 

Faija Apparatus 

for Soundness. 


U 


180 


76 


50 




L 


As received from 
manufacturer. 

Reground to pass 
1 80 sieve. 


24*4 
trace 


7-6 
nil 


1*5 
nil 

1 


Blown. 
Sound. 


P 


As received 
Reground as above 

As received 
Reground as above 


i8'o 3*o i o*8 
0*4 i ml { nil 


Badly blown. 
Very slightly blown. 


Q 


34-8 
1-6 


i6"o 
nil 


3'6 

nil 


Badly blown. 
Sound. 



The sample which first suggested the beneficial effect 
of fine grinding with regard to soundness was cement L. 
It will be seen that as received from the manufacturer in 

* 'Minutes of Proceedings, Institution of Civil Engineers,' vol. cxxxii., 
p. 350- 
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its comparatively coarse condition, it showed signs of 
blowing in the Faija apparatus for soundness, but after 
being ground extremely fine, these indications were no 
longer developed, showing that the finer grinding had 
rendered it perfectly sound. Efforts were thereupon made 
to procure and similarly treat further samples of unsound 
cement, in order to corroborate or otherwise this some- 
what surprising result. A firm of manufacturers kindly 




Fig. 45. 



Fig. 46. 



undertook to prepare a sample of overlimed and utterly 
worthless cement, which is designated P in the table. 
Figs. 45 and 46 are full-size photographs of the pats 
made from this cement, under exactly similar conditions, 
before and after extreme fine grinding, which, by per- 
mission of the Institution of Civil Engineers, have been 
reproduced. The results speak for themselves, but it 
is worthy of note that the few slight cracks visible in 
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the pat made from the finely ground cement, were pro- 
duced in the warm moist air of the apparatus, and de- 
veloped no further after being placed in the warm water. 
This su^ests that the slight expansion developed was due 
to the immediate hydration of the uncombined lime which, 
by extreme fine grinding, was exposed to the action of the 
water used for gauging, while the disastrous results in 
Fig. 45 were due to the gradual hydration and consequent 
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expansion of the free lime in the interior of the coarse 
particles. 

Figs. 47 and 48 show pats of cement Q under exactly 
similar conditions. This sample, received for testing in 
the ordinary course of practice, was made from an ex- 
tremely hard chalk ; owing to this chalk being insuffi- 
ciently reduced in the preliminary process of amalga- 
mation of the raw materials, a decidedly unsound cement 
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resulted, that is, when ground to the ordinary degree of 
fineness ; it will be seen, however, that extreme fine grind- 
ing rendered it perfectly sound. It may be interesting to 
add, in corroboration of the results of the Faija test, that 
the briquettes prepared from the original cement were 
badly blown at twenty-eight days, while at three, six, and 
twelve months, they were too much swollen and disin- 
tegrated to go into the clips of the testing machine, and 
almost fell to pieces on handling. It is needless to remark 
that such a cement would be worse than useless as a con- 
structive material, for its subsequent disintegration would 
bring about the downfall of any building in which it might 
be used. 

Another effect of fine grinding, though it is not perhaps 
such a satisfactory one, is that it renders the cement con- 
siderably quicker setting; this, on a second's considera- 
tion, is very easily explaiined, and only to be expected. The 
setting of cement, according to Le Chatelier, is due to the 
water dissolving out the more soluble parts of the powder, 
and forming a super-saturated solution, which subsequently 
deposits crystals and gradually forms a solid mass. Ob- 
viously, therefore, the finer a cement is ground, the more 
readily the water can act on the soluble portions, and the 
quicker-setting it becomes. Further remarks on this point, 
together with some experiments thereon, will be found in 
Chapter V. 

In all text-books on the subject, it is stated that the 
impalpable powder only is the active part of a cement, the 
coarser particles being practically an adulteration, and of 
no more value than so much sand. The author had never 
ascertained this fact for himself, and was content to accept 
it as such, until one day its accuracy was challenged by a 
gentleman who was interested in cement matters. This led 
the author to make an experiment on the subject, and he 
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Table showing Relative Value of Coarse Particles or 
Cement. Particles thoroughly Washed before being 
PLACED IN Moulds under Water. 



J 






Tensile Strength ir 


1 lbs. per square inch. 


Size of Coarse Particles. 


How Treated. 
















• 


( Retained on soj 
\ sieve . . ./ 




28 days. 


3 month<. 


6 months. 

95 


I a nionths. 


F 


/Placed immedi-'^ 
1 ately in water / 




130 


9> 


/Passed 50 and re-) 

\ tained on 76 . / »' »' 

/Passed 76 and re-1 

\ tained on 120 ./ »» »» 




• ■ 


X20 


170 


>l 




• • 


245 


300 




/Passed 120 and re- 

\ tamed on 180 ., " '» 








360 


l> 




• • 


310 




/Entire residue rc-j 
\ tained on 180 ./ 












»> 


f » ♦! 

/Placed immedi-'^ 
\ ately in water / 




150 
•• 


230 


290 


G 


/ReUined on 50^ 
\ sieve . ./ 




47 


70 


>> 


/Passed 50 and re-V 

\ tained on 76 . )\ »» " 

/Passed 76 and re-1 

1 tained on 120 ./ " »» 


• • 


• • 


105 


165 


>» 




• • 


17s 


300 




/Passed 120 and re-V 






i8s 




»> 


1 tained on 180 ./ »' '» 




• ■ 


4IV/ 


>f 


(Entire residue re-\ 
\ tained on 180 ./ 

/Retained on %o\ 
\ sieve . . ./ 


»i II 


48 


133 

• • 


158 
92 


262 


H 


/Placed immediO 
1 ately in water j 


• • 


145 




/Pashcd 50 and re-\ 








235 


If 


\ tained on 76 A *» " 


• • 


• « 


132 




/Passed 76 and re-1 






200 


38? 


»» 


t tained on 120 . '» »* 


'• 


• • 


f> 


/Passed 120 and re-l 

\ tained on 180 J '» '» 


.• 


•• 


280 


360 


>» 


/Entire residue re-| 
\ tained on 180 ./ 


II II 


m 


142 

• • 


212 

47 


172 


I 


/Retained on 50I 
\ sieve . . ./ 


/Placed immediO 
1 ately in water j 


• • 


85 




/Passed 50 and re-V 

\ tained on 76 ./ " '• 






80 


U5 


>i 


• • 


• • 




/Passed 76 and re-'l. 

\ tained on 120 ./ " ** 


J 




122 


225 


f» 


• • 

1 


• • 


II 


Passed 120 and re-\ 
tained on 180 ./' " »» 


• • 


• « 


280 


430 


II 


/Entire residue re-j 

\ tained on 180 ./ '» »' 


53 


no 


170 


260 

f 
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found that, although the coarse residue had no setting power 
in the proper sense of the term, it undoubtedly had a cer- 
tain amount of cohesive power when placed in a mould 
and left under water for some considerable time, even after 
the particles had been previously thoroughly washed to 
remove any trace of flour or powder which might have ad- 
hered to them. Briquettes, composed of coarse particles 
only, developed a tensile strain at twelve months ranging 
from 160 to 330 lbs. per square inch, according to the size 
of grit employed. These results induced him to institute a 
further series of experiments, which, with the above, were 
embodied in the paper just previously mentioned,* from 
which the table (page 178) and extracts are taken. 

The four cements experimented with were specially 
chosen as representing English manufacture, emanating re- 
spectively from the principal factories at Rugby, Northfleet, 
Grays, and the Med way. It will be seen that in each case 
the value of the particle is, roughly, inversely proportional 
to its diameter, i.e. the larger the particle the less its com- 
parative value. If the section of a briquette thus composed 
is examined under the microscope, the particles appear to be 
surrounded by and cemented together with a white crystal- 
line deposit. Figs. 49 and 50 are microphotographs, mag- 
nified about twenty and forty diameters respectively, of a 
section of a briquette, composed of particles which passed 
through a 76 by 76 sieve and were retained on a 100 by 
100 sieve. Owing to the uneven surface of the section, the 
focussing of the higher-power photograph is not altogether 
satisfactory, but Fig. 49 gives a very good idea of the man- 
ner in which the particles are surrounded by and ce- 
mented together with the white deposit This deposit was 
separated in one or two cases and subjected to chemical 
analysis, which showed it to consist largely of aluminate 

* * Minutes of Proceedings, Insl. Civil Engineers,* vol. cxxxii. p. 347. 

N 2 
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of lime. From the preceding results it seems logical to infer 
that the outer surface only of the coarser particle is dis- 
solved off by the water and rendered an active ingredient ; 
and as the smaller the diameter of the particle, the larger 
the area of outer surface thus exposed to the solvent action 
of the water within a given space, the greater is the relative 
value of that particle. There is no doubt that if reduced 
below a certain diameter, the whole of the particle would 
be acted upon by the water and would contain no internal 



-W-*' 




Fig. 49. 

inert matter, but at what fineness this result would be 
produced, has yet to be determined. It seems fair to 
assume, from the foregoing experiments, that those par- 
ticles which pass a 120 sieve, and are retained by a 180 
sieve very nearly approach that point, for, notwithstanding 
the severe treatment to which they were subjected to 
remove any trace of adhering flour, they developed nearly 
60 per cent of the strength of the original neat cement at 
twelve months. 



Fineness. 1 8 1 

The coarse particles being proved to have a certain 
value, it seemed a reasonable theory that their gradual in- 
corporation and combination might prove to be responsible 
for the gradual increase in strength with age or growing 
power, which is the essential feature of a good cement, and 
therefore by extreme fine grinding, the cement merely 
attains its greatest strength in a shorter time, the ultimate 
strength of coarse and fine cement being practically 
identical. The following table, which is taken from the 




Fic 50. 

same series of experiments,* shows the tensile strength and 
general characteristics of the four cements previously men- 
tioned under the following conditions : — 

1. As received from the manufacturer. 

2. Re-^ound so as to practically all pass a 180 X iSo 
sieve. 

3. All particles that would not pass a 180 sieve ex- 
tracted, and grains of sand of a similar fineness substituted. 

• < Minntef of Proceedings, Inst, of Civil Engineers,' vol. cxxvii. p. 346. 



1 8 2 The Tesiing of Portland Cemcfii. 





• 

s 


2§ 




CO 00 


1 <^ 


rN. 00 


s^ 


On to 

5v o 





^ 5 






' E 


"* 


O rO 


\ ^ 


NO to 


to 


"^ * 


•* 


NO CO 




u 


r 


Q 


Ov rO 
\ri CO 

vO r^ 


t^ 


to 00 


fO 


to oc 
00 ^ 
to fO 


1 to 


to fS 


• 
U 

s 


M 


s 


? 


fO 

to 


to «o 


to 


tf 00 00 
^ to to 

3^«8 2 




CO 
00 


^ o 






s 


rO 


»o W 


CO 


^ CO 


rO 


lo ci 


to 


to to 


if 


00 S. 
CI « 




« O 


to 


CO Q> 

NO 


s, 


NO ** 


ON 


to vO 
NO ■* 


is 


8. 


"O 


N 


^ « 


<s 


CO t* 


« 


to « 


M 


* « 


8. 


M 


eo 


fN. fO 


r<k 


N 00 


ts. 


fN. to 


o 


00* 8 


A 


•-^ 


•« 


:t% »n 


00 


00 to 


VO 


00 ^ 


3- 




m 


-o 


k« 


to « 


k4 


M ** 


^ 


M *•* 


to w 




CI 5 


to 




On 


i^ "^ 


^ 


tr» « 


tm 


On to 






S 3 


fcO 


t/- 


fN. •« 


to On 
to O 


to 


JB 




S 


NO 


u^ vO 


1 t^ 


■* r^ 


ts. 


t^ 


^ t^ 


CO 


• 

a 
u 


« 1 




to *& 


1 


vO 00 


to 


'^ Qv 


ON 


^l> 


o 


J 


M 


to 


00 t^ 
-O VO 




to NO 


<;? 


to VO 


NO 

to 


ON to 
' to 


s 


3 


g 


VO 


m u^ 


NO 


to 


fN. 


•* NO 


H 




M 


- NO 


00 


^ 00 


to 


^ to 


ON 


* to 




^ 


*5 ^ 


t>. 


* ^ 




!? ? 


On 


»'» 


to 


CN NO 










to ^ 


VO 


^ 


CO r>. 


VO 
tl 


to to 


00 oo 


to 


O to 


to 


r>* O 






00 


ON ** 


Ov 


^ o 


? 


to NO 


ON 


M !>. 






* 


^ ^ 


■* 


to «* 


^ to 


^ 


* "^ 


w. _ 


. 


«4 


» *- 


k4 


fO ** 


M« 


fO - 


ON 


vO M 


2 k 2 ji 


I 


00 

• 


to 00 

« • 


00 

• 


« 00 

• • 

00 r^ 


00 

• 


M 00 

• • 

00 r<« 


to 

CVO 


• * 


§251 


• 

8 


m 

k4 


Q fO 
O to 

• 

to 00 


8 

• 




Q to 

o to 

• • 

to 00 


NO 

• 

Ov 


nQ f^ 
NO to 

NO OO 


8 

• 

O 


«>. to 

^ to 

• 

00 


C^ 


N 


« »* 


*N 


w « 


»m 


« « 


« 


to ^ 


• 


'4 


.|8. 


«8 : 


8. 


■* 


5 


to . 

• 


8 

k4 


o • 


If 




i« 


* 


O 


k4 * 


00 


w I 


Q 


« : 


Qi 


b'J 


E - 




M 








f< 




u « • 
!R u O C 


2» 


O 

• 
• 

VO 


B 

G 


o 

00 


^ • 


1 o 

o 

• 


•-< 

'mm 

s 

B 


to 

' O 
io 


'S 
a • 






• 

o 


s 


5f . « "^ 




*• 




c« 




** 








i^Ss 


(S 


1 ? 


to 


o 

• 





o 

■ 


CO 


O 

• 


00 


C uiS. 


M 


fO 


W 


to 

CO 


** 


00 


o • 


ON 

to 


o 






• 


. -c . 


• 


"t ' 


• 


• TS . 


• 


a ^3 • 








U 






4^ 




^ 








> 




> 




> 




> 






• 


• O 


• 


• O • 


• 


• O • 


• 


• 2 • 






1 




« 




• 




• 


•si 








. >.^ 


• 


. >.'A 




• ?■•= 




• ?;•- 








■Ul 


V 

h4 


•7JS 




•|JS 


u 




• 




1 5 

u 


D "^ « 


9 

vB 


D *^ « 




c8 «« 

« •* « 


I 

u 

d 


\g3 


U 




9 


VB B </: 


, 2 


<X3 B w 


d 


VB S !« 


9 


vB Q <A 


H 

» 




O 
c« 

g 




B 




B 
?3 


-^1 « 

v 2 ."S 


B 
C« 
g 


« 9 rs 


9 




6 




i § 


Jio-3? 


s 


S2-S 

2i 0-3! 


B 

s 


iJ s 






•a* 


r V, s^ 


> 


•*^ B u- 

V •/> ^ 

3 ti ^ 


nS 

•5 


•^ B — 


1 


ill 

2 St3 






i 


fe^l 




2 %y 

5fi ^ B 




2 S T3 


u 
S 






VI 


izi rt 


</) 


• .^ ml 


tr 


•^ 




ITiauia^ 




< 


ftS-tl 


<; 


ai<: 


< 


ag^_^ 


< 


:^< _ 


•] 


> 


• • 


C5 




»m4 




HH 





Fineness, 183 

Although the results support the theory previously put 
forward to a certain extent, they conclusively demonstrate 
the immense superiority in cementitious value of a finely 
ground cement over a coarse one. Briefly summarised, 
they show that by extreme fine grinding, its cohesive power 
is diminished, but its adhesive power or cementitious value 
— as demonstrated by its power of cementing together par- 
ticles of sand — is immensely increased. The extraction of 
the coarser particles and substitution of grains of sand, 
corroborates the opinion that the coarser particles have a 
slight though specific value, for in several cases both the 
cohesive and adhesive power of the material is diminished 
by their removal. 

An instance of the latent cementitious value of the coarse 
particles in an ordinary cement briquette, was brought for- 
ward by Mr. G. L. Anderson in the course of a discus- 
sion on the author's paper on Kentish Rag admixture.* 
Mr. Anderson experimented with some briquettes about 
a year old, made of cement which had originally been 
ground to about 5 per cent, on a 50 sieve. ** He simply 
ground them up again, without any recalcination or other 
treatment, so as to all pass a ^6 sieve and leave only 
16 per cent on a 180 sieve, and tried what strength could 
be got from the powder thus produced He was astonished 
to find that he got results which would satisfy any ordi- 
nary specification, thus showing that the unexhausted 
cementitious energy in the residue itself was equal to the 
requirements of most specifications of the present day. 
The figures were as follows : Neat briquettes, i square inch 
section, stood, at seven days, 403 lbs. ; at 28 days, 415 lbs. ; 
at three months, 435 lbs. The three to one sand test was 
the most remarkable — at 28 days, 224 lbs. ; at three months, 
300 lbs." These results show pretty clearly that the in- 

♦ * Transactions, Society of Engineers,* 1 806. 
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terior portion of the coarser particle is practically unacted 
upon by the water, at all events at the end of a year, 
and, upon being broken up fine enough, it performs the 
same function as the finer cement would do in the first I 

instance. * \ 

It must not be forgotten that, although a fine cement is ' 

undoubtedly of more value than a coarse one, fine grind- 
ing means increased expense to the manufacturer, and j 
therefore for a specially fine cement he is entitled to a cor- 
respondingly higher price. Not only is it more expensive 
as regards consumption of engine power, &c., but it also 
reduces the output of the works ; finer grinding, therefore, 
from a manufacturer's point of view, means either expen- 
diture of capital, in providing increased grinding plant, or 
reduction in output. Some five years ago, when a cement 
leaving about 10 per cent, on a $0 sieve was considered a 
very fair commercial article, it was found that by reducing 
the fineness to 5 per cent, on a 50, to meet a special speci- 
fication, the output of the mill-stones was reduced fiom 
about 1*33 tons per hour to barely i ton, or, in other words, 
to maintain the output, an increase of 33 per cent, in the 
grinding plant was required. 
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CHAPTER IV. 

TENSILE STRENGTH. 

The object of testing the tensile strength of cement is, 
primarily, to ascertain the strength which it will develop 
within a certain time, and secondarily, by comparing the in- 
crease in strength between the different dates of testing, to 
enable some opinion to be formed of the ultimate strength 
likely to be attained by it It is obvious that a cement 
which develops a moderate strength at the end of a week, 
and shows an increase of 25 per cent, at the end of twenty- 
eight days, is likely to attain a greater ultimate strength 
than one which shows say a 30 per cent, higher strain at 
seven days, and develops practically no increase at all at 
the twenty-eight days. The tensile strain, therefore, at one 
date only, is not much of a criterion as to the value of a 
sample, and tests should be made at least at two dates, 
so that the " growing power " of the sample may be ascer- 
tained. The usual practice is to ascertain the tensile strain 
at three, seven and twenty-eight days from the time of 
gauging, and the increase in strength between those dates 
enables a fairly good opinion to be formed of the value of 
the cement. 

In making briquettes for testing, much depends upon 
the skill of the operator as to the nature of the results 
obtained, and it should at once be distinctly understood 
that such work is that of a skilled operator, and should 
not, as is too often the case, be entrusted to an ordinary 
bricklayer's labourer. To quote Faija, in testing the tensile 
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strength of a cement, " it must be premised that the object 
is to obtain the very best results possible, compatible with 
certain rules which custom has laid down, and which may 
therefore be considered as a fair test" With this the 
author fully concurs, and he maintains that the object of a 
laboratory test in this particular is to ascertain what the 
cement is capable of under the most favourable conditions ; 
a standard for comparison is thus created, and it is the user's 
duty to see that these conditions are fulfilled as nearly as 
possible in actual work. 

In gauging briquettes for testing purposes, the first 
matter is to ascertain the percentage of water necessary to 
reduce the cement to the proper consistency for filling the 
moulds. This is done by weighing out a small quantity of 
cement, say five ounces, and adding water by degrees from a 
small graduated measuring glass until by continuous work- 
ing with a trowel it is rendered plastic, and on beating the 
mass into a small pat or cake, the water just rises to the 
surface when smoothed with the trowel. The quantity of 
water required to bring the cement to this condition varies 
with each sample, and no hard-and-fast rule can be laid 
down on this point. It will be found that if suflficient 
is added, so that on ramming and shaking the cement 
into the moulds, the water just rises to the surface of 
the briquette, the best results will be obtained. Theo- 
retically, a cement does not require more than 8 or 9 per 
cent, of water for the actual process of crystallisation, as 
briquettes of gauged cement examined some months after 
gauging never contain more than that quantity. It is, of 
course, impossible to make the particles of cement flux to- 
gether properly with such a small quantity of water, and 
when the water just shows on the top of the briquette, it is 
an indication that just sufficient has been added to enable 
this fluxing to take place. 
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The disadvantageous effect of a large excess of water 
was realised as long ago as 1877, when Mr. Mann* published 
the following table, showing the results obtained by using 
various proportions of water : — 

Cement Gauged with various Proportions of Water. 

Age of Samples, seven days. 
Average breaking weight per square inch. 



50Z. 

jWa'er to 


6 oz. 
Water to 


7 oz. 
.Water to 


8 oz. 
' Water to 


9 oz. 
V ater to 


10 oz. 
Water to 


i 32 oz. 
1 Cement. 


32 oz. 
Cement 


32 oz. 
Cement. 


32 i»Z. 
Cement. 


32 oz. 

Cement. 

1 


32 oz. 
Cement. 


1 

lbs. 


lbs. 


lbs. 


! lbs. 

1 


• 
lbs. 


lbs. 


433 


460 


• • 


306 


1 

I 


• • 


416 


435 


• • 


' 296 


■ • 


• • 


416 


480 


• • 


282 

1 


• • 


• • 


344 


398 


382 


Z^Z 


223 


184 


368 


366 


387 


357 


219 


221 


329 


416 ' 


353 


339 


211 


197 


1 487 


4«9 


323 


316 
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^^Z 


474 


447 


420 


302 


234 


i6s 


440 ] 

1 


471 

1 
440 1 


336 
367 


268 

1 


20Q 
214 


162 


Averages . 412 


314 

1 


182 



" With 5 oz. of water to 32 oz. of cement the gauged 
cement was extremely dry, crumbling under the trowel, 
and could not be made to take a smooth surface ; with 
the proportion of 6 oz. to 32 oz. it was moderately dry, 
and could be finished and smoothed off with the trowel ; 



• * Proceedings of the Institution of Ci\il Engineers,' vol. xlrii. p. 260. 
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with 7 oz. to 32 oz. the mass was moderately wet ; with 
8 oz. to 32 oz. the samples were wet and soft ; with 9 oz.' 
to 32 oz. they had the consistency of stiff grout ; and with 
10 oz. to 32. oz. a liquid was produced which could be 
poured from one vessel to another. In the last two cases 
the sample shrank considerably, and must have lost some 
of the water by evaporation." 

The quantity of water requisite also depends on the 
fineness and age of the cement, a fine cement requiring 
considerably more than a coarse one, inasmuch as the 
particles are in a finer state of division, and thereby are 
enabled to combine with a greater quantity of water. 
Why a well matured cement should require more water 
than one freshly ground, is not altogether clear, unless it is 
that some of the coarser particles of the cement split up 
through hydration by the nioisture in the atmosphere, and 
thereby more readily combine with and require more water. 

The shape of the briquette has more effect on the 
result obtained than is generally recognised, and a gradual 
improvement in the shape of the mould so as to give im- 
proved results in testing, is rather a strong argument in 
favour of the contention that the object of testing is to 
obtain the best results from the sample under examination. 
The original form of briquette used is shown in Fig. 5 1 ; 
its rectangular shape was naturally a source of weakness, 
and the results obtained from it were often unsatisfactory. 
The method originally adopted in France was to mould 
the blocks in a solid rectangular form, and, when they had 
attained the prescribed age, cut out recesses at the sides to 
receive the clips. Such a process is worthy of quotation as 
illustrative of the very primitive methods of testing in use 
in the early days of the cement industry. 

Fig. 52 shows a later form of briquette. Metal plates 
were inserted at the upper and lower side respectively of 
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the two square holes shown, on which rested the knife edges 
of the tension apparatus, and thus a fairly direct pull was 
exerted. The author had occasion to use this shape of 
briquette at a works where no other was to be had, and 
obtained fairly good results from it ; but it is too clumsy and 
cumbersome for general use, one briquette of i J by i J 
section requiring nearly 5 lbs. of cement 

Fig- 53 is the form originally adopted by Mr. Michele 
or use with his machine. The clips fit in the semicircles 





Fig. 51. 



Fig. 52. 



Fig. 53. 



Fig. 54. 



shown, and are practically in contact with the whole of its 
surface. This form of clips and mould tend to exert a 
crushing strain in addition to a tensile strain, and the results 
arc therefore not satisfactory ; the briquette rarely breaks 
at the smallest point of section, the line of fracture more 
generally occurring in a diagonal direction. 

Fig. 54 is the shape of briquette designed by the late 
Mr. Grant, and, with some modifications, is now in general 
use. The briquette comes into contact with the clips at the 
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points indicated in the illustration, and only at those points. 
The flat top of the briquette, however, exposes it to risk of 
damage in taking out of the mould, and to obviate this, 
Faija adopted a modification which is shown in Fig. 55. By 
making the ends of the briquette slightly pointed, it is more 
easily removed from the mould without risk of damage, and 
the points of the apices serve in some degree to enable the 
briquette to be put squarely into the clips. 

Fig. 56 shows the form of briquette in use on the Con- 
tinent. It will be noticed that it has a notch in the centre 
which ensures the fracture taking place at the point of 
smallest sectional area ; it seems a reasonable assumption, 
however, that the sudden reduction in the area of the bri- 
quette at that point would prove 
a source of weakness. The width 
of the briquette at the notch is 
2 '25 centimetres, which, with a 
thickness of 2*22 centimetres, 
gives a breaking area of 5 square 
centimetres. 

Fig. 55. Fir^56. With regard to the effect of 

the shape' of the briquette on the 
results obtained, it may be interesting to quote the re- 
sults of some experiments made by Mr. Bernays in 1881, 
which are given in the discussion on Mr. Grant's paper 
on Cement of that date.* ** He wished to draw attention 
to a fertile source of misunderstanding, due to the omis- 
sion to state, in most lecords of experiments on the tensile 
strength of cement, the precise form of briquette used. 
The greatly improved results due to recent improvements 
in the form of briquette and of the breaking clips, went 
farther than was generally believed to account for the in- 

• 'Proceedings of the Institution of Civil Engineers,' vol. Ixii., pp. 207 
and 208. 
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Greased tensile strength of cement shown by recent tests 
over the results of experiments of earlier date. 

" Since the reading of the papers on Portland Cement, 
he had made experiments with a view to determine, ap- 
proximately, the variations in the tensile strain recorded 
by testing machines, due to the form of briquette adopted. 
The undermentioned results showed the average breaking 
strain, after seven days, of the same quality of cement 
made up into briquettes of the following forms : — 



B 



D 



D 



Q 




602 lbs. 760 lbs. 762 lbs. 900 lbs. 

Mean breaking strain of six tests. Scale, \ full size. 

Fig. 55. 

" It would thus be seen that the same cement was appa- 
rently stronger by 25 per cent, over form A when made 
into briquettes of forms B and C, and by 50 per cent, 
when tested by briquettes of form D. C represented the 
briquette used at Chatham ; D that used by the Metro- 
politan Board of Works. A and B were formerly used at 
Chatham, but had long since been abandoned." 

Generally speaking, all briquette moulds are constructed 
in two halves, which are held together by a suitable clip or 
spring. The original arrangement, however, with the form 
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of briquette shown in Fig. 51, was for the mould to be all in 
one piece, and the briquette, when partially set, was pushed 
out bodily by means of a die arrangement fitting over its 
surface. Needless to say this method often resulted in the 
briquette being damaged, or at all events strained to such 
an extent that the resulting test was altogether misleading. 
The great disadvantage of moulds that are held together 
by a spring is that they are liable to spread and open when 
the cement is being rammed and pressed into them, and thus 
the section of the briquette is distorted ; it may be only 
slightly enlarged, but it is almost always unequally enlarged, 
so that the sides are not truly parallel, and consequently 
the clips do not fit properly, and exert an unequal strain. 
A very convenient arrangement of a nest of briquette 
moulds is that shown in Fig. 58, designed by the late Henry 
Faija. The corresponding halves of each mould are held 
in position by a small dowel at the apex, and each mould 
is firmly held down on the glass bedplate by two parallel 
square iron rods (one of which is fixed and the other hinged 
at one end) which fit into recesses cut into the moulds at 
their apex. A cross-bar and thumb-screw at one end of 
the nest hold them in position longitudinally. When the 
screw is tightened all the moulds are held firmly on the 
bed, which thus allows of the cement being thoroughly 
rammed and shaken, without any fear of deviation from 
their proper shape, or of lifting from the glass bed. To 
remove the briquettes, all that is necessary is to loosen the 
set screw, remove the cross-bar, swing out the hinged 
parallel-bar, and remove the moulds one by one on to a 
gauging slate or any plane surface, when, by gently tapping 
round the edges of the mould with the handle of a trowel 
or any other convenient tool, each half of the mould comes 
away from the briquette and leaves it free. In this way 
there is no fear of any undue .strain being put upon the 
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briquette when freshly made, and therefore in such a state 
that the least injury will materially affect the result obtained 
from it The convenience of such an arrangement will ap- 
peal strongly to those who are called upon to use single 
moulds that are merely laid on the bedplate, without being 
fixed thereto in any way ; in making sand briquettes, 
especially, where the mass has to be beaten in with a trowel 
or spatula, the inevitable lifting of the moulds from the 
bedplate is a source of great annoyance. To prevent the 





r- 




Fig. 58. 

cement adhering to the moulds, it is usual to slightly grease 
both the inner surface of the mould and the glass or iron 
plate on which it rests ; care should be taken to avoid ex- 
cess of oil, only just sufficient being used to cover the 
surface of the mould with a thin film of grease. 

In gauging cement for testing purposes, as well as in 
practical work, the chief object is to get it evenly and inti- 
mately mixed with the water in as short a time as possible 
before being put into the moulds, and, as previously stated, 

O 
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only sufBcient water should be used to render the cement 
plastic. This entails a great deal of wrist work on the part 
of the operator, and towards the end of a long series of 
briquettes, he is apt to add more water than is absolutely 
necessary with a corresponding diminution in results. To 
obviate this difficulty Faija designed a mechanical gauger, 
of which a sketch is given in Fig. 59. It consists of a 
circular pan about one foot in diameter, within which 
revolve the arms of a stirrer. These arms revolve round 
their own axis in one direction and around the pan in the 




Fig. 59. 

reverse, this motion being given them by an internally 
toothed wheel, which actuates the pinion of the stirring 
spindle. The modus operandi is as follows : After having 
ascertained, by means of a preliminary hand-gauged pat, 
how much water the cement under treatment requires, 
sufficient cement to fill a nest of moulds is put into the 
gauger, and the correct amount of water added all at once. 
The handle of the machine is then turned fairly quickly for 
a half or three-quarters of a minute, by which time it will 
be found that the cement is thoroughly incorporated with 
the water, and the mass is in a proper condition to be turned 
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out on to the gauging slate or bench and filled into the 
moulds. In gauging cement and sand in this machine for 
making sand briquettes, it is of course necessary to first 
thoroughly mix the sand and cement in the dry state, 
after which the same routine may be followed. By the use 
of this machine two or three pounds of cement at a time can 
be efficiently gauged in a few seconds, and personal experi- 
ence has proved it to be of the greatest value in avoiding 
the labour and wrist work necessary to bring the cement 
to a proper consistency with a trowel. 

The whole operation of filling a nest of moulds, from 
the time of adding the water, should not exceed five or six 
minutes, and after being smoothed off with a trowel, the 
moulds should be placed on one side until the briquettes 
are sufficiently set to be removed. With quick-setting 
cement this will generally range from one to three hours, 
but it is best, where possible, to make a rule of leaving the 
briquettes in the moulds for twenty-four hours, after which 
period, unless the cement is extraordinarily slow setting, 
there will be no danger of damaging them by premature 
removal ; even then, however, sand briquettes will often be 
found very " green " and soft, and great care must be exer- 
cised that they are not damaged in any way. 

Instead of smoothing the briquettes off level at the top 
at the time of gauging, some operators prefer to leave the 
surplus cement until the briquettes are partially set, and 
then, by means of a sharp trowel, cut and scrape them off 
flush with the top of the moulds. The advantage of this 
plan it is not easy to understand, unless it be that a slightly 
more accurate vertical thickness is obtained, while the 
chief danger is, that the setting of the whole briquette may 
thereby be disturbed, and consequently the result obtained 
less satisfactory. Care should also be taken after the 
briquettes are gauged, to place them on a bench free from 
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vibration, such as they would be subjected to if they were 
left on the same bench where subsequent briquettes were 
being gauged. If exposed to such vibration, the crystallisa- 
tion or setting is materially affected, and the accuracy of 
the result considerably impaired. More than one instance 
has occurred of indifferent results, due to the neglect of 
this apparently obvious precaution. 

The time previously mentioned as the time the opera- 
tion of gauging should take, will of course depend upon the 
setting properties of the cement used, and refers chiefly to 
the gauging of a nest of five briquettes at one operation, 
which is the custom whenever the setting of a sample 
is sufficiently slow to permit of that course being adopted. 
If a cement commences to set or harden too quickly to 
allow of five briquettes being made at one operation, two 
or three only must be made, and great care must be taken 
that the cement does not commence to set before the 
operation is completed, otherwise the setting properties of 
the briquettes will be partially destroyed, and the results 
will be valueless. This quick-setting propensity can gene- 
rally be overcome by spreading the cement out in a thin layer 
to aerate for a few days, by which means the aluminate of 
lime, which is the chief factor in the setting property of a 
cement, becomes air-slaked and its activity modified, and 
the cement thus rendered slower setting. 

The gauging of sand briquettes is an operation requiring 
much more practice than neat briquettes, and with some 
operators it is a knack which cannot be acquired even by 
diligent practice. The cement and sand mortar, being con- 
siderably less cohesive than the neat cement, cannot be 
rammed so hard into the moulds ; the effect of hard ram- 
ming is simply to press down the mass where struck by the 
rammer, while at the same time a corresponding quantity of 
the mortar is forced out at another part of the mould. From 
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personal experience it has been found that the best method 
of making sand briquettes is to combine the operations of 
first ramming lightly with a wooden rammer, and afterwards 
beating in with a spatula or trowel, the beating being ac- 
complished with a loose wrist, and the action being more 
of a " flip ** than a direct blow. In the matter of water used 
for gauging sand briquettes, the same remarks apply as for 
gauging neat|cement ; no hard-and-fast rule can be laid down 
on this point, the best results being obtained when, after 
lightly ramming and beating with a spatula as described, 
the water just shows on the surface of the briquette, denot- 
ing that there is just sufficient to lubricate the particles 
and enable them to flux properly into the interstices. 

Although, as a rule, the ramming and filling of the 
moulds is performed by hand, mechanical means are 
occasionally employed. Fig. 60 shows Dr. Bohme's ham- 
mer apparatus for that* purpose; it is largely used on 
the Continent, and, as will be seen on reference to the 
Appendix, is particularly specified in the German Stan- 
dard Specification and Rules for Testing. For use with 
this machine the mould has a filling box E attached 
to it by spring clips F F. The sand and cement having 
been first thoroughly mixed dry and then with the requisite 
quantity of water, a certain weighed quantity of the mortar 
is placed lightly and as evenly as possible into the mould 
and filling box, and the core G is placed on the top ; by 
turning the handle k the mass is then struck a given 
number of blows with the hammer. The core and filling 
box is then removed, and the mass scraped off level with 
the top of the mould. As will be seen from the illus- 
tration, the end of the hammer handle is fixed into a 
rectangular casting / working on trunnions, and is lifted 
by coming into contact with the cog-like projections on the 
wheel h ; each projection, as the wheel revolves, lifts the 
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hammer, which falls and delivers its blow when the wheel 
has revolved far enough for the contact to be released. 
The number of blows delivered is regulated by means of a 
tri^er arrangement m, which prevents the wheel k from 
revolving any further when the required number of blows 
has been delivered. The author's experience of this ma- 
chine is that the results obtained with it are generally 
inferior to the hand-made briquettes of a skilled operator. 
Unless the mortar ts Blled into the moulds and Riling box 




very evenly the core naturally has a tendency to sink 
lowest where there is least mortar, and thus getting slightly 
athwart the mould is liable to jam, and consequently the 
mass does not get the full benefit of the hammering. The 
mortar is also put into the mould all at once, with the idea 
of making the block of the same density throughout, but 
by this means there is a tendency for the upper part of the 
mass to be much more tightly rammed than the lower. 
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With hand-made briquettes, on the contrary, the mortar 
is put into the mould in two or three lots, and each lot 
thoroughly rammed before the next is added. Compared 
with hand-made briquettes the operation is also rather 
tedious, as each briquette has to be operated upon singly, 
whereas by hand a nest of five briquettes can be filled at 
one time. 

Fig. 61 shows the Arnold mould and screw press for 
making briquettes, &c, for testing purposes. Its essential 
feature is that the cement is pressed dry into the moulds, 
and then placed into a shallow tray of water to absorb as 
much as it requires for setting purposes. The mould B is 




made of such a depth that, after a weighed quantity of 
powder is placed into it and the die C pressed flush with 
the top, the resulting briquette is of the desired thickness. 
Although this apparatus is still used in some testing rooms, 
the results are by no means comparable with the ordinary 
methods of making briquettes with the trowel, inasmuch 
as the thickness of the briquette depends entirely upon 
the bulk of the cement employed, a light cement being 
naturally much more bulky than a heavy one. As the 
method of incorporating the water is also entirely contrary 
to the methods usually adopted in the practical use of 
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cement, it is decidedly less valuable as a comparative test. 
One advantage claimed for this apparatus is, that if the 
cement is at all inclined to be unsound, briquettes made 
in these moulds will show it more readily than briquettes 
gauged with the trowel in the ordinary way, inasmuch as 
the water attacks the free lime after the briquette is made, 
and thus causes marked expansion ; whereas when mixing 
with the trowel, the water attacks the free lime during the 
operation of gauging and before the cement is formed into 
a briquette. The apparatus certainly has the advantage of 
not requiring skilled labour, as the briquettes can be made 
by any intelligent labourer, but, in the author's opinion, 
that is about the only point in its favour. 

Standard sand, as it is now generally called, is Leighton 
Buzzard sand, thoroughly washed so as to remove any 
earthy impurities, and sifted so as to all pass through a 
sieve of 20 holes per lineal inch, and be retained on a 
sieve of 30 holes per lineal inch. This sand is supplied by 
a firm of pit-owners at Leighton Buzzard, ready washed 
and sifted to the standard size, but it is generally found 
advisable, in order to ensure accurate results, to have it re- 
washed and sifted in the testing room before use. 

The use of the sand test, originally imported from 
Germany, is gradually making its way in this country, and 
doubtless if a really reliable sand could always be ob- 
tained, the sand test would be of great value in forming an 
opinion of the constructive value of the cement, inasmuch 
as cement is never used neat, but always with a certain 
proportion of sand or aggregate, and its value, qtid cement, 
depends more upon its adhesive properties than its powers 
of cohesion. Faija was strongly averse to the sand test, 
his contention being that, in order to make a sand test of 
any value, it was first necessary to test the sand, and he 
advocated that if a sand test were used at all, the sand to 
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be actually used in the work should be utilised for testing 
purposes. This of course would afford valuable informa- 
tion to the actual user as to the strength of the work he 
was constructing, but it would only be of service on that 
particular work, and would be of no comparative value to 
any one but himself Until lately the author was naturally 
strongly imbued with the same views, but as a result of 
recent experiments, he has been forced to the conclusion 
that a neat test by itself does not afford any true indications 
of the constructive value of a sample. In the course of 
recent experiments on the effect of admixtures of Kentish 
Rag, &c., upon Portland Cement,* he found that it was 
possible to mix as much as 20 per cent of foreign inert 
material, such as finely ground sand, with the cement with- 
out materially affecting the strength of the neat briquette, 
in some cases such an admixture actually improving it 
The sand test, on the other hand, invariably showed the 
adulteration, although not to such an extent as to enable it 
to be detected by that means alone. In a later series of 
experiments on the finer grinding of Portland Cement, 
referred to on p. 182, it will be seen that an extremely fine 
cement is weaker when made into neat briquettes, than 
the same cement not so finely ground, although it shows 
nearly 50 per cent greater cementitious value, as indicated 
by its power of cementing together particles of sand. In 
the face of those results, there is no doubt that the sand 
test is the truer test of the two, and it should therefore 
always be taken in conjunction with the neat test The 
chief disadvantage of the sand test is the time required 
to enable it to be properly carried out, nothing under 
the twenty-eight days' test being of much value in this 
respect, and the delay thus incurred often renders it in- 
convenient, if not impossible. 

* ' Transactions Society of Engineers,' 1896. 
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The machine used for testing the briquettes, or rather 
for measuring the strain which the briquette carries before 
fracture, is practically a weighing machine, and its chief 
desiderata are, accuracy, compactness and ease of working. 




Perhaps the most accurate machine is the long, single-lever, 
steelyard machine, in which the tension is applied by run- 
ning a weight along the steelyard away from the fulcrum, 
and, by gradually increasing the leverage, the strain on 
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the briquette is correspondingly increased. In using this 
machine, great care should be taken that the weight is 
run smoothly along the yard, as any swaying or vibration 
exercises an extra and undue strain upon the briquette. 
The steelyard machine of Messrs. Adie, which is illus- 
trated in Fig. 62, may be had with an arrangement 
attached, by which the weight is automatically run along 
the yard, and the strain can thus be applied at any 
required rate of speed. 

A somewhat more complicated, but decidedly less cum- 
bersome and more compact machine, is the compound lever 
machine of Dr. Michaelis, of which an illustration is given 
in Fig. 63. It consists of a double set of levers working on 
knife edges, and the strain is applied by allowing shot to 
gradually run into a receptacle hanging on the end of the 
upper lever. The shot falls into the receptacle from a 
reservoir fitted with an automatic cut off, which stops the 
flow immediately the briquette breaks. The can contain- 
ing the shot is then placed on a spring-balance weighing 
machine, which is scaled to show the strain in pounds at 
which fracture occurs. With this machine also it is im- 
portant that the can should hang steadily on the end of 
the lever, and also that the shot should run into it in a 
steady stream. The author has had considerable experi- 
ence of this type of machine, and with careful usage it gives 
very satisfactory results ; the knife edges of the compound 
levers, however, are rather delicate and require careful 
cleaning and attention. 

Fig. 64 shows the bent lever machine patented by 
Mr. Michele in 1870. At the end of the longer arm are 
two heavy weights ; the shorter arm is connected to a worm 
and quadrant by means of the clips holding the l)riquette 
to be tested. On turning the handle of the machine, a 
downward pull is transmitted through the briquette to 
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the shorter arm, which lifts the weights on the longer 
arm, the tensile strain exerted depending on the height 
to which they are raised. A loose pinter is attached 
to the longer arm, and by means of the scaled quad- 
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rant Axed in its path, indicates the strain at which the 
briquette breaks. In applying the strain, the handle 
should be turned steadily, without jerking, which would, 
of course, exert an undue strain on the briquette and tend 
to give a faulty result. Fourteen years later^;Mr. Michele 
patented the improved arrangement shown in Fig. 65, by 
which he dispenses with the worm handle and quadrant 
for applying the strain and substitutes for them another 
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lever and pair of weights ; these weights are slightly heavier 
than the test weights, so as to give a preponderance for 
applying the strain to the briquette. To render this 
machine automatic in its action, a pinion and rack is 
attached to the heavier lever, which latter is connected 
to the piston of an oil cataract. By means of a valve 
arrangement, the flow of oil is controlled, and thus the 
speed at which the strain is applied can be regulated to 
any desired rate, Mr. Michele advocates that the speed 
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should be applied as quickly as possible, and his machine 
bears the inscription that the standard speed is loo lbs. per 
second. With this the author cannot agree, for, as shown 
hereafter, by this means a much higher result is obtained — 
in fact, a delusive result, and one that no engineer or user 
would accept With all due deference to Mr. Michele, the 
standard rate of speed is loo lbs. in fifteen seconds. 




Fig. 65. 

Fig. 66 shows a very compact and handy machine in- 
vented by the late Henry Faija. It consists of a simple 
ten-to-one lever, on one end of which is attached a spring 
balance, and on the other end the clips holding the bri- 
quette to be tested ; by exerting a pull on the spring 
balance by means of a worm and quadrant, the strain is 
transmitted to the briquette, multiplied by the leverage of 
the lever. The knife edges at the balance end of the lever 
are lengthened, so that when the briquette breaks, the recoil 
of the fracture is received by two suitably arranged buffer 
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springs. The knife edges and all working parts are of 
specially prepared phosphor-bronze, and the gearing is so 
arranged that the strain may not be put on the briquette 
at too great a speed. 

Before putting a briquette in the clips for testing, the 
quadrant A should be in the position shown, so that the 
chain B to the dial C is slack, and the lever D free and 
balanced ; there should then be about half an inch between 
the under side of the knife edge H and the buffer-spring I. 




After inserting the briquette in the clips, the wheel E 
is turned from left to right, which will hold the briquette 
firmly, and it is generally advisable to put such a strain on 
the briquette by turning wheel E that about 100 lbs. is 
indicated on the dial. The handle M is then turned until 
the briquette breaks, and the loose pointer will show on the 
dial the strain in lbs. at which fracture occurred. To return 
to zero, the pinion K is thrown out of gear with the wheel L 
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by turning the pin and pushing the spindle to the left -; the 
wheel L is then turned from left to right until the quadrant 
A has returned to its normal position, and the machine is 
then ready to receive the next briquette. 

It may be as well to mention here that the buffer 
springs are only intended to take up the recoil after the 
briquette breaks. As an instance of the intelligence that is 
sometimes brought to bear in using machines of this kind, 
cases have occurred in which the under part of the knife 
edge (which, in the ordinary course, should only come into 
contact with the spring after the briquette has broken) 
has been allowed to rest upon it during the testing of 
the briquette, and consequently the greater part ot the 
strain exerted has been on the spring instead of on the 
briquette. Owing to the slight give of the clips on the 
briquettes, the end of the longer arm of the lever is neces- 
sarily slightly depressed as the strain increases, but if 
about a J inch space is left between the knife edge and 
the spring at the commencement of the operation, it will 
generally be found sufficient to keep them from coming into 
contact until fracture has occurred. 

An objection is sometimes raised to the use of a spring 
balance in such machines, but these balances are specially 
made for the purpose, and are carefully tested before being 
sent out. The working parts of the machine are so arranged 
that by simply taking out a screw and a split pin, the balance 
can be detached and checked by hanging dead weights upon 
it. The lever being ten to one, ten pounds dead weight 
should indicate one hundred pounds on the balance, &c. 
The author has had one of these machines in daily use 
for some years, and in addition to periodically checking 
the accuracy of the balance, he also makes a point of 
having the whole machine tested two or three times 
yearly by hanging dead weights up to looo lbs. in the 
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clips of the machine, and the error rarely exceeds one per 
cent. 

In testing for tensile strain, a great deal depends upon 
putting the briquette perfectly square and true into the 
clips or jaws of the machine, so that the strain exerted may 
be truly vertical and tensional, without any torsional strain. 
To ensure this, great care should be taken, firstly, that the 
sides of the briquettes where in contact with the clips are 
truly parallel, and also that the clips are accurately finished 
so as to exactly fit the briquette. With the Faija form of 
mould and testing machine, the points of contact of the 
upper and lower clips on the briquette are about an inch 
apart ; the actual breadth of the contact is a little more than 
half an inch, and each should be exactly in the centre of 
the briquette, viz. \ inch from each edge. The clips of the 
machine are one inch in breadth, so that when the briquette 
is placed vertically in them, it is flush with the edges of the 
clips both back and front ; and if the top and the bottom 
edges of the clips F and G are at the same time parallel, as 
shown in the sketch, it indicates that the briquette is set 
truly vertical and square in them. If the operator has 
reason to doubt the accuracy of the moulds or the fit of 
the clips, a very superficial examination of the points of 
contact of the clips on the briquette after breaking will 
prove the correctness or otherwise of his suspicion. If the 
briquette has been put properly into the clips and the clips 
fit properly, the centre of each point of contact will be 
central vertically and also parallel horizontally. It may be 
thought that the author is somewhat hypercritical as to the 
exact fitting of the clips and briquette, but so far as his ex- 
perience goes, it is exactly these unconsidered trifles which 
make or mar the result It has more than once been his 
experience to find one briquette out of a set of five break 
twenty-five per cent, below the rest, and on examination the 
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only fault to be found with it was, that owing to the mould 
or the operator being at fault, the clips did not catch exactly 
vertically, thus giving an erroneous result. 

The speed at which the strain is applied also largely 
affects the result obtained, and this is a matter which scarcely 
receives the attention it deserves. It was very prominently 
brought under the author's notice some fifteen years ago. 
A dispute arose as to the tensile strain of a certain consign- 
ment of cement, and the briquettes made for testing were to 
be broken in the presence of the manufacturer. A Michele 
machine was then in use, and the manufacturer insisted 
upon applying the strain as quickly as possible, viz. about 
I GO lbs. in one second, with the result that a considerably 
higher tensile strain was developed than under ordinary 
conditions. This led to a series of experiments being 
instituted in the matter, which the author carried out 
under the late Henry Faija's directions ; the results were 
published in the * Proceedings of the Institution of Civil 
Engineers,' 1883, from which the following extracts may 
be of interest : — 

Summary of Results of Experiments to Determine the 
Difference Obtained by Applying the Weight to 
the Briquette, when Testing for Tensile Strength 
AT Different Speeds. 



Number 
of Briquettes. 



129 
129 

145 
145 

90 
90 

40 
40 



Speed. 



lbs. 

100 in 
100 



100 
100 

100 
100 

1 00 
100 






sees. 
I 

15 

30 
60 

.60 
120 



Average 
result. 



lbs. 

560-75 
506-43 

452*20 
430-96 

417-27 
403 • 05 

416-75 
400*87 
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. " From the foregoing results it will be seen that the in- 
crease per cent due to increased speed in applying the 
strain is as follows :^- 

" Taking the lowest speed of lOO lbs. in 120 seconds as 
a starting-point, by applying the strain at the rate of — 

100 lbs. in 60 seconds the increase is 3*960 percent. 
30 .. :, 7-488 „ 

'5 » „ ia-4i6 „ 

.. ' .. „ 23142 » 



" From these results the accompanying curveof fracture 
has been obtained." 




Fig. 67. 



It will be seen that nearly 25 per cent difference 
may be obtained by applying the strain at an extremely 
quick or extremely slow speed. The rate adopted by Faija 
as the outcome of this experiment was 100 lbs. in fifteen 
seconds, and that rate of speed is now very generally used- 
Variable rates of strain speed are sometimes specified by 
engineers, some even specifying that the briquette is to 
carry a certain weight for a specified number of minutes or 
hours. The advantage of such a hanging strain is a trifle 
obscure, and it is certainly very tedious to an operator who 
has a great many briquettes to break daily, to have to leave 
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a briquette in the machine for any considerable length of 
time, thus taking several hours to accomplish what might 
have been done in almost as many minutes. Granting 
that such a test is considerably more severe than when the 
strain is gradually applied in the usual way, the author re- 
spectfully submits that the same purpose would be accom- 
plished by proportionately increasing the strain to be carried, 
and having it applied at a reasonable rate of speed. 

In testing a cement for tensile strain a great many fac- 
tors come into play to produce a variable result, and it is 
therefore necessary, in order to obtain a fairly true result, to 
take the average of several experiments. It is the general 
custom to take an average of five briquettes at each date, 
and for this purpose moulds are arranged in nests of five. 
Why five briquettes, all made at one operation, by the same 
operator, should show the variable results they often do, is 
not very easy to explain, except perhaps on the principle 
that it is impossible to make two things exactly alike. It is 
probable that the discrepancy is more likely due to minute 
differences in the shape of the mould and fit of the clips 
than anything else, as it has been found that a very slight 
variation from a true vertical pull will materially affect 
the result obtained. Given that the object of testing for 
tensile strength is "to obtain the very best results pos- 
sible," and thus ascertain what a cement is capable of 
under the most favourable conditions, it seems logical to 
suggest that, instead of taking the average of five briquettes, 
the highest result of five should be taken as a criterion, as 
that indicates what the cement is capable of, and, correct 
dimensions of the sectional area being premised, indicates 
the true strength of the cemeYit 

The tensile strength of cement gauged neat usually 
averages about 300 lbs. to 400 lbs. per square inch at three 
days ; 400 to 500 lbs. at seven days ; and 500 to 600 lbs. at 
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twenty-eight days ; gauged with three parts by weight of 
standard sand, the tensile strength ranges from about 1 50 to 
200 lbs. at seven days and 200 to 300 lbs. at twenty-eight 
days. The tensile strength of the sand briquettes compared 
with the neat briquettes depends entirely upon the fineness 
to which the sample is ground. The finer the cement, the 
greater is its covering power, and consequently the gfreater 
is the tensile strength developed when mixed with sand. 
As will be seen on reference to the Table on p. 182 the 
strength of the sand briquettes may be nearly doubled by 
extreme fine grinding. 

The table on the preceding page, giving the tensile strain, 
&c, of ten different cements taken indiscriminately from our 
testing books during the past year, may be of interest 

For comparison with the foregoing, the two following 
tables (pp. 215 and 216), taken respectively from Grant's 
paper of 1881 and Faija's little treatise ' Portland Cement 
for Users,' are interesting chiefly as showing the improve- 
ment in grinding and the consequent improvement in the 
sand test compared with Grant's figures. 

Tensile strength, being the most easily applied test, 
is generally taken as the criterion of value, though it is 
doubtful if cement is ever subjected to that strain in actual 
use ; the more usual strain is either a crushing strain or 
transverse strain, and some users therefore prefer to ascer- 
tain the power of resistance of a cement to these forces. 1 

In testing a cement for resistance to a compressive 
force, cubes of specified dimensions are used, moulded in 
the same manner as the briquettes, and the remarks there- 
fore that apply to the gauging of cement for briquettes, 
apply also to the making of cubes. As the crushing stress 
of a cement is usually from six to ten times its tensile 
strain, the machine for testing has to be considerably more 
powerful than that used for tensile tests. The usual form 
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adopted is some adaptation of the hydraulic ram prin- 
ciple, though a multiple lever machine of German design 
is sometimes used for crushing one-inch cubes. Fig. 68 
gives a sketch of a very convenient arrangement of crush- 
ing ram devised by Faija, and which the author has used 
for some years with satisfactory results. When the cube 
has been placed in position, the ram plunger is raised 
by means of the pump on the right, until a moderate 
pressure is exerted, in fact, the pump is merely used as a 
rough adjustment; the valve between the pump and the 
ram chamber is then screwed down, and further pressure 




Fig. 68. 



applied by means of the horizontal piston and cylinder 
arrangement shown on the left. It consists of a narrow 
piston with a cup leather attached working in a solid brass 
cylinder. The piston rod has a Whitworth thread cut 
on it for the greater part of its length, and is forced into 
the cylinder by means of a specially designed screw-jack 
arrangement shown. For high pressure it was found im- 
possible to work the jack wheel direct, and it was therefore 
arranged so as to be actuated by means of a worm and 
quadrant, worked by a handle about iS inches long to 
give sufficient power. The crushing ram is 4 inches in 
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diameter, and there is sufficient space between the holding- 
down bolts to admit a 9-inch specimen. A 3-inch cube is 
shown in the machine supported by a packing block with 
a ball-and-socket top, which adjusts itself to any slight in- 
accuracy in the shape of the cube, and thus ensures the 
strain being applied evenly over the whole surface. The 
apparatus is capable of exerting a pressure of about 40 tons. 
Connected to the ram chamber is a pipe leading to the small 
ram at the back, which actuates the long scaled lever shown. 
As the pressure increases, the lever is kept just balanced by 
means of a carrier containing a given weight, which is run 
along the lever and indicates the pressure at which fracture 
occurs. A Bourdon pressure-gauge is attached to the appa- 
ratus as a check on the accuracy of the measuring arrange- 
ment. With this apparatus it is usual to use 2-inch and 
3-inch cubes ; i-inch cubes may of course be tested in it, 
but with the larger cubes the ratio of error is considerably 
less. 

The principal point requiring attention in testing a 
cube for compressive strain, is to make sure that the strain 
is distributed evenly over the whole of its area, for it is 
very evident that if the pressure first comes on one part of 
the cube only, it is crushed in detail, and a very erroneous 
result is obtained. To equalise the pressure as far as pos- 
sible, and to ensure an equal distribution of the strain over 
the area of the cube, thin pads of soft wood are inserted 
between it and the surface of the testing machine, or the 
surface of the cube may be covered with a moderately thin 
coating of plaster of Paris for the same purpose. If the 
strain has been evenly and correctly applied, the sides of 
' the cube commonly break away, leaving a true pyramid. 
It will be readily understood that the least inequality in 
the surface of the cube will make an immense difference in 
the result obtained, and for that reason the crushing test 
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has not attained any great degree of popularity in England, 
though it is more generally used in Germany, and forms 
part of the standard tests in force in that country. Some 
experimenters who have experienced difficulty in work- 
ing with cubes, have suggested that a cylindrical test- 
piece should be used instead of cubes, so as to avoid the 
corners, but the same objections present themselves, and it 
is not easy to see in what respect their use would be an 
advantage. 

The strain to which cement is more often subjected in 
actual work is a transverse one, which is really a combination 
of crushing and tensile strains, for if a prism or beam sup- 
ported at each end is weighted in the centre until fracture 
occurs, the upper portion where the weight is applied is 
subjected to a crushing strain and the lower half to a tensile 
strain. To ascertain the resistance of cement to a trans- 
verse strain, it is sometimes specified that beams or prisms 
of cement, of one inch sectional area, shall be supported at 
each end, and weighted in the centre until fracture occurs. 
To meet the requirements of a specification requiring such 
a test, the late Henry Faija devised the machine shown in 
Fig. 69. The strain is applied by means of bevel wheels 
actuating a vertical screw, which exerts a strain on the 
prism through the spring balance, on much the same 
principle as the Faija machine for testing tensile strength. 
As in the former machine, the dial of the balance is pro- 
vided with a loose pointer, which stops when the prism 
breaks, and indicates the breaking strain. A sample of 
ordinary English manufacture tested under these conditions 
some seven years ago gave the following results : — 

lbs. 
No. I broke at . . . 85 • 5 
„ 2 „ . • .02 

„ 3 « ... 95-5 
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lbs. 


No. 4 broke at . . . 


103 


w S » ' • 


98 


Average, 92 • 8 lbs. 





It is, however, a test that is very rarely asked for ; in 
fact, the above is the only instance which has come under 
the author's notice. 
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CHAPTER V. 

SETTING PROPERTIES. 

The setting properties of cement are not of paramount 
importance, unless the sample is either abnormally quick 
setting or abnormally slow setting, except for tidal pur- 
poses and work of a similar nature, where it is requisite 
that the cement shall set sufficiently quickly to resist the 
action of the incoming tide, and so prevent the cement 
being separated from the sand or aggregate. The setting 
of cement may be conveniently divided into two periods, 
termed respectively the " initial set " and " set hard." 

According to Le Chatelier, the setting of cement is 
caused by the formation of a super-saturated solution, 
which subsequently deposits crystals ; the rapidity with 
which these crystals are formed and deposited constitutes 
the rapidity or slowness of the setting of a cement. After 
adding water to a cement and reducing it to a suitable 
paste, a period arrives when the mass is no longer fluid 
or mobile ; the water disappears from the surface, and it 
loses its shiny appearance. The period which elapses be- 
tween the addition of the water and the moment when the 
mass loses its fluid condition is called the time of '* initial 
set." With a quick-setting cement this period is very dis- 
tinctly marked, the change of condition from fluid to solid, 
owing to the rapid formation and- interlocking of the 
crystals, being readily recognisable. With a slow-setting 
cement, the change is very often so gradual as to be 
scarcely noticeable, and a great many of the slow-setting 
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varieties of cement have no absolutely definable initial 
set. 

The time of " set hard " is the time which a cement 
takes to acquire sufficient hardness to withstand certain 
pressure without leaving any indentation. The original 
method of ascertaining the time of set hard was simply to 
subject the pat to the pressure of the thumb nail, and when 
no appreciable indentation could be made, the sample was 
considered set hard. This test is decidedly of the rule- 
of-thumb order, but it fully serves its purpose,- and it is 
doubtful if some of the more elaborate methods at present 
in use for determining the setting of cement are any material 
improvement The thumb nail is an instrument that is 
always available for the purpose, and although of course 
the pressure depends to a considerable extent upon the 
muscular development of the operator, it affords a very 
good guide as to what is wanted. The method adopted by 
Faija for determining the time of set hard, was as follows : 

"A pat gauged with the minimum of water, and placed 
on a glass slab, is subjected to a * Vicat needle * every ten 
minutes, the needle being allowed to rest on it for one 
minute. When the needle makes no appreciable mark or 
indentation the sample is considered 'set hard.* The 
needle has a flat point of o* i inch diameter, and is loaded 
with a weight of three pounds," 

It has been conclusively proved in practice, that if 
cement is worked or manipulated after setting has com- 
menced, its strength is very seriously impaired. This 
can be very readily explained. On adding water, what- 
ever may be the action which takes place, it is very certain 
that crystals are formed, and when the initial set com- 
mences, and the mass is no longer fluid, it is an indication 
that these crystals have commenced to interlock. If now 
by overworking, or " killing," as it is generally called, 
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these crystals are broken up again, their lock or bond is 
destroyed, and the strength and cohesion of the material 
correspondingly diminished. It is therefore of the greatest 
importance in practice that the cement should not be 
worked or manipulated after setting has commenced, and 
care should be taken that only such a quantity is mixed at a 
time as can be thoroughly incorporated and placed in its 
allotted position before setting commences. 

The setting of cement involving chemical action, it is, 
like most chemical actions, accelerated by heat and re- 
tarded by cold, and therefore a cement which has certain 
setting properties at the normal temperature of 60° F. 
will have these properties considerably modified at higher 
or lower temperatures. This point was particularly re- 
ferred to by the author in a recent paper,* from which the 
following is a quotation : — 

*' Temperature and climatic influences play a very im- 
portant part in the setting of cement. The author's atten- 
tion was particularly drawn to this matter a very short 
time ago. A shipment of cement, which had been tested 
in the ordinary course before leaving England, satisfactorily 
passed the requirements of the specification as to set, but 
on reaching its destination in a hot climate, the engineer in 
charge complained that it set too quickly. This induced 
the author to institute a series of experiments to ascertain 
the comparative time of set at different temperatures, the 
results of which are given in the following table. In each 
series of experiments an exactly similar amount of water 
was used for gauging, the water being of the same tempera- 
ture as the chamber in which the pats were placed, and, to 
ensure a moist atmosphere, the bottom of the chamber was 
lined with a damp cloth. The cements were not in any 
way chosen specially for this experiment, but have been 

• • Transactions Society of Engineers,* 1895. 
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arranged in the table according to their time of initial set. 
The difference in setting is distinctly marked at each tem- 
perature, more especially between 40^ and the normal 6o^" 
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* Contain a considerable admixture of Kentish Rag. 

It is not an uncommon testing-room experience, especially 
during the summer months, to find that a rise of atmospheric 
temperature of three or four degrees during the morning 
makes just sufficient difference in the setting of a sample 
to determine the possibility or impossibility of properly 
gauging and manipulating it For instance, a quick setting 

Q 
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cement which at an atmospheric temperature of 60° allows 
just time to get the briquettes properly gauged and finished 
off before setting commences, would at a temperature of 64® 
commence to set a minute or so sooner, and thus preclude 
the possibility of its being properly gauged without some 
risk of injuring its setting properties. It occasionally 
happens also that a cement has such an extremely quick, 
though somewhat feeble initial set, that the operator is apt 
to work through it, without becoming aware of the fact ; 
it is a vety good rule when gauging pats for ascertaining 
the setting properties of a sample, to take about an ounce 
of cement and gauge a small preliminary pat, in about 
half a minute, with a large excess of water ; by this means 
any such peculiarities would be readily detected, which in 
gauging a larger quantity in the ordinary way might be 
overlooked. Cases also occur sometimes in which the 
sample has a species of secondary initial set ; the first one 
generally takes place within a minute or so of adding the 
water, but if the mass is continually worked with a trowel, 
this primary initial set may be worked through, and the 
water brought to the surface in the ordinary way ; and then a 
secondary initial set manifests itself a few minutes later. It 
is not easy to explain these phenomena, but they are very 
probably due to the presence of a small percentage of 
sulphate of lime, or gypsum, which matter will be referred 
to later. 

It is scarcely necessary to add that the quantity of 
water used for gauging materially affects the setting 
properties of a sample, an excess of water retarding and 
very dry gauging accelerating the time of set. Assuming 
Le Chatelier's supersaturation theory to represent the action 
which takes place, it is very evident that the more water 
added, the less quickly would the solution become super- 
saturated, and consequently the longer the period that would 
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elapse before crystallisation, i.e. setting, commences ; and 
vice versd with a very small quantity of water. As stated 
previously, the minimum of water should always be used, 
so that after thoroughly trowelling and beating the mass 
together into a pat, the water just rises to the surface. 

As already mentioned in the chapter specially treating 
on that subject, the fineness to which a cement is ground 
largely affects its setting properties ; the finer a cement is 
ground the quicker setting it becomes, owing to the greater 
facility which is afforded to the water to combine with it. A 
cement that has an initial set of ten minutes when ground 
to what, up to within the last few years, was considered a 
well ground cement, viz. leaving about 10 per cent on a 50 
sieve, will be found to commence to harden within a minute 
or so, if ground so as to all pass through a sieve of 76 
meshes per lineal inch. The table on p. 228 gives the 
results of some experiments carried out by the author a 
short time ago, as to the effect of finer grinding on the 
setting properties of cement.* 

In several cases it will be seen that finer grinding im- 
mensely accelerates the setting properties of the samples. 
Cement L, for instance, when ground to the ordinary degree 
of fineness, has an initial set of twenty-five minutes, and is 
set hard in forty-five minutes, while when re-ground ex- 
tremely fine, it commences to set within one minute of 
adding the water, and crystallisation proceeds at such a 
rapid rate that it is set hard in five minutes. No doubt 
the setting is accelerated in two ways ; firstly, by the water 
being able to more readily combine with it, and secondly, 
by the heat evolved by the rapid crystallisation warming 
the 'mass, and thereby further accelerating its setting. 

As has already been stated, the setting of cement is a 
process of crystallisation, and, like most processes of a 

♦ * Proceedings Institution Civil Engineers,* vol. cxxxii., p. 350. 
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360 

2S 


2 in 39 
27 in 12 


Sound. 
>> 


P 


Asrecdved 

1 Reground as"^ 

\ above / 

' As received 

mixed with 

2 per cent. 

gypsum 


18 
0-4 

18*0 

34-8 
1*6 

34-8 


IS 

2 

rUnde- \ 
\ finable/ 


240 
240 

1440 


IS in 23 
23 in 5 

I in 15 


Badly blown.* 
f Very slightly 
\ blown.* 

Blown.* 


Q 


As received 
rReground as'i 
\ above / 
[ As received 
1 mixed with 
1 2 per cent. 
\ gypsum . 


i6'o 
nil 

i6*o 


3-6 

nil 

36 


20 

2 

rUnde- \ 
\finablc / 


30 

s 

1440 


17 in 3S 
26 in 5 

I in 15 


Badly blown. 
Sound. 

Blown. 



• A specially prepared " over-limed " cement. 
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similar nature, it evolves more or less heat, the amount Of 
heat evolved depending upon the vigour and intensity of 
the crystallisation, or, in other words, upon the time which 
a cement takes to set Until some fifteen years ago Faija 
made a rule of noting the rise of temperature of a cement 
during setting as indicating its setting properties. A greased 
thermometer was placed in the pat immediately after gaug- 
ing and the temperature noted. As the setting proceeded, 
the temperature was found to rise until a maximum was 
reached, the period occupied in reaching this maximum 
depending upon the setting properties of the sample. After 
the maximum was reached the temperature was found to 
gradually recede until the pat had returned to the original 
temperature. The time which elapsed between the addition 
of the water and the return to normal temperature was con* 
sidered the time which a cement took to set This test 
was shortly afterwards abandoned for the weighted needle 
test previously mentioned, and very properly so, for although 
the particulars of the rise in temperature during setting 
afford very valuable information as to the primary setting 
properties of the sample, it is a little difficult to under- 
stand what relation the return to normal temperature bears 
to the period of set hard. 

In his paper on the Vymwy Dam of the Liverpool 
Waterworks,* Mr. Deacon advocates the observation of the 
rise of temperature during setting as a test for free lime. 
He says : 

'' It was required that the cement as delivered should 
be slow setting. In the earliest stages of the work the 
condition of such cement as regards the presence of free or 
loosely combined lime was determined by the old method 
of making thin pats and observing the degree of tendency 

* ' Proceedings of tlie losdtution of Civil Engineeis,' voL czzTi., pp. 46, 
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to crack after many days, but this was subsequently aban- 
doned for a perfectly simple and exhaustive test which 
could be made in a few minutes, and which the author has 
adopted ever since. A hand sample of cement, a small 
vessel of water, a marmalade pot and ^ thermometer are 
left together for a short time to acquire a uniform tempera- 
ture. The cement is then gauged in the pot as quickly as 
possible, with just sufficient water to render it plastic, and 
the thermometer being immediately pressed into it, the 
initial temperature is recorded. If within fifteen minutes, 
the rise of the thermometer exceeds 2° F., or within sixty 
minutes 3° F., the cement is further exposed before use. 
No bin of cement was certified for use on the works until 
it had passed one of these tests. This precaution, combined 
possibly with the comparatively dry method of manipula- 
tion already described, is so effective that where it has been 
adopted the author has never seen a hair crack of the 
kind so familiar where fresh cement is used.'' 

In the discussion which ensued, the author challenged 
the utility of this test, and maintained that the rise of tem- 
perature during setting was rather due to the chemical 
action of crystallisation than to the presence of free lime, 
and it was chiefly to illustrate this point that the experi- 
ments quoted in the table on page 228 were undertaken. 
Referring again to that table, it will be seen that in each 
case the heat evolved bears a marked relation to the setting 
properties of the sample. As a general rule it was found 
that the thermometer was practically stationary until the 
period of initial set was reached, and then it commenced to 
go up rapidly ; in some cases the activity of the crystallisa- 
tion was so intense, that the temperature ran up 30° or 
40® in five or ten minutes, and the heat generated caused 
some of the moisture to be given off in the form of vapour, 
which could be plainly seen rising from the pats. 
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It will also be noticed that cements P and Q, which 
when coarsely ground are unsound and show a compara- 
tively moderate increase in temperature, evolve much 
greater heat when finely ground, owing to their being 
quicker setting, and yet are perfectly sound. Cement L 
also gives similar results. To ascertain conclusively 
whether the presence of free lime, or the action of crystal- 
lisation was responsible for the rise in temperature during 
setting, cements P and Q in their coarse condition were 
mixed with 2 per cent of gypsum, which it is well known 
retards the setting of cement. The result was that they 
were thus rendered extremely slow setting, and practically 
evolved no heat whatever, and yet they were still unsound, 
and developed decided indications of blowing in the Faija 
apparatus. 

These results not only show that a cement which 
develops a considerable increase in temperature may be 
perfectly sound, but, what is more to the point, a cement 
may be extremely slow setting, and therefore show no rise 
of temperature whatever, and yet be absolutely unsound 
and unfit for use. Such a test, therefore, while it certainly 
ensures an extremely slow setting cement, which in view of 
the special method of manipulation adopted by Mr. Deacon 
was absolutely imperative, in no way guards against an 
unsound one, and moreover imposes needless and irritating 
restrictions upon the manufacturer. Several instances of 
specifications containing some such clause as that above 
mentioned, and evidently copied from Mn Deacon's paper, 
have lately come under the author's notice, and he therefore 
trusts that the foregoing experiments have conclusively de- 
monstrated the delusive character of such a test as regards 
** free lime " or unsoundness. Although, of course, a user 
requiring an extremely slow setting cement may, by pro- 
longed aeration, render it so slow setting as to show practi- 
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cally no increase in temperature during setting, to compel a 
manufacturer to supply a cement complying with such a 
test, is tantamount to asking for one containing admixtures 
of gypsum or similar material, to artificially render it slow 
setting. 

The tendency among engineers of late years has been 
to specify more finely ground cements and at the same 
time slow setting ones ; as has been shown in the preceding 
experiments, the two properties are absolutely antagonistic, 
and unless artificial means of retarding the setting, such as 
the addition of gypsum, are to be permitted, a finely ground 
cement generally means a quick setting one. As will be 
seen on reference to the German standard rules in the 
Appendix, such additions of gypsum and similar materials 
up to 2 per cent are allowed in that country, but the 
author is of opinion that the ultimate effects of such ad- 
mixtures have not been sufficiently investigated to allow of 
their being accepted without reserve. Samples P and Q in 
the foregoing table show very clearly that the addition of 
only 2 per cent of gypsum renders a cement vefy much 
slower setting, and instances have occurred in which even 
as little as a half per cent was quite sufficient to render an 
otherwise impossibly quick setting cement slow enough for 
all ordinary purposes. 

In corroboration of the above opinion, the following 
extracts from researches by E. Candlot * show very clearly 
the effect of admixtures of gypsum upon the setting and 
tensile strain of Portland Cement : 

" Setting, — ^The retardation of set caused by the addi- 
tion of gypsum to cement varies according to the quantity 
of gypsum employed. 

" But the action of gypsum on the setting of cement 
is not always permanent, and it very often happens that if 

* * Ciments et Chaux Hydnuliques,' £. Candlot, 1891. 
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Set of the Neat Cement with Fresh Water. 


Quantity of 

Gypsum 

added. 


I. 


2. 


3. 




Initial 
Set. 


Set 
Hard. 


Initial 
Set 


Set 
Hard. 


TniHal 
Set. 


Set 
Hard. 


per cent. 

0*0 

o-S 

I'O 

2'0 
30 

4-0 


h. m. 
.0 7 

50 

2 40 

2 S7 

3 
3 
3 30 


h. m. 
22 

2 43 

4 SO 

s 17 

5 20 

6 40 

7 


h. m. 
7 

10 

3 SO 

3 SO 

4 20 

3 4S 

5 


h. m. 

IS 
17 

S 

5 

6 45 

7 
7 


h. m. 
2 

2 

1 30 

3 20 

4 

5 
S 


h. m. 

s 

5 

* 35 
5 15 
7 
7 
7 



a cement containing an admixture of gypsum is gauged a 
long while after the g}^um has been added, it sets very 
quickly ; this effect is produced particularly with cements 
which set very quickly when they have no admixture of 
gypsum, and which, after the gypsum has been added, have 
been exposed to the air for several days. [The results of 
some experiments on this point are shown on next page.] 

"When a cement is preserved from contact with air, 
the set may again become quick after a lapse of a very 
long period. 

•* Example, — Cement mixed with 2 per cent of gypsum, 
and preserved in an air-tight flask. 





Initial Set. 


Set Hard. 


Tests made the same day . 


' h. m. 
3 


h. m. 
6 25 


„ 1 month after . 


2 so 


5 


„ 2 months after . 


1 30 


7 


»> 5 » • 


10 


18 



" Cements containing an admixture of gypsum, present 
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this peculiarity, that they often set more rapidly when 
gauged with sea water, than when gauged with fresh water. 





Description of Cement. 






Set with Fresh Water. 
























Initial Set. 


Set Hard. 


I. 


Cement mixed with 3 per 


cent 





f 










gypsum- 






h. 


m. 


h. 


m. 




Tests made the same day 


• 




I 





7 







„ 4 days after 











5 


2 


15 




» 7 » 











5 





20 




„ II fy 











8 





30 




15 











5 





30 




» 19 » 











7 





35 




24 











5 





25 




32 











ID 





30 




„ 41 „ 






• , 





45 


5 


30 


2. 


Cement mixed with 2 per 
gypsum- 


cent 





f 










Tests made the same day 


• 


4 


5 





19 







,, .12 days after 


• 




4 


40 


14 







„ 21 » 


• 


1 





18 





50 


3. 


Cement mixed with i per 
gypsum- 


cent 





f 










Tests made the same day 


• 


1 


S 


30 


8 


30 




,, 8 days after 


• 


■ 





18 


2 


30 




IS 


• 


\ 





II 





20 


4- 


Cement mixed with i per 
gypsum — 


cent 





f 










Tests made the same day 





< 


6 





9 


30 




„ 8 days after 


• 


• 


4 


30 


8 







» 15 >) 





a 





15 


b 


30 




» 30 »> 


i 




• 


• 


• 


7 
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" When a cement containing gypsum has been exposed 
to the air and has became quick setting again, it sets 
quicker when gauged to a thin consistency with an excess 
of water, than when it is gauged to a stiff paste with very 
little water. This is contrary to that which always takes 
place with cements not containing admixtures of gypsum. 

Tests with Fresh Cement. 



■ 


Period 

elapsed 

since 


Tensfle Strength in kOogranunes per aquare centimetre. 


DescnpdoD of 


Quantity of Gypsum added to the Cement. 

• 


Mortar. 
















gauging. 


per cent« 


1 per cent. 


a percent. 


3peroenL 


4 per cent. 




fresh 
water 

k. 


sea 

water 

k. 


fresh 
water 

k. 


sea 

water 

k. 


fresh 
water 

k. 


water. 


fresh 
water 


sea 

water. 


fresh 
water 


water. 






k. 


k. 


k. 


k. 


k. 


r 


7 days 


34'2 


39*2 


45-S 


S3'i 


37-S 


43 


30-6 


315 


I8*6 


25-9 


^v 


28 „ 


47 '4 


5i'6 


51-9 


6o-6 


47*5 


58-7 


SS-7 


63*4 


34-0 


26-2(1) 


Neat 
cement. 


3 months 


Si'7 


54-5 


syi 


SO- 7 


59-0 


6S'9 


62*1 


69-3(0 


65*2 


25-6(3) 




6 „ 


50-9 


SI'S 


59'2 


S9-7 


57-0 


50-0 (I) 


63-2 


67-0(3) 


72*4 


(4) 


V 


12 » 


6o-6 


25-1 


S9-7 


48-3 


639 


31 '9 (3) 


65-6 


72-0 (3) 


8o-o 





J 


7 days 


IS'7 


14-9 


17-7 


17*0 


i8-5 


16-2 


13*0 


13-4 


8-9 


9.9 


Mortar 
3 to I. 


28 „ 
3 months 


23-4 
30-0 


i8'o 

21*6 


266 

34*2 


23* I 26*6 
25-9 327 


20'2 
24*2 


25*2 

336 


18*4 
23-6 


20*5 
31 'O 


(4) 





6 „ 


32-7 


23*1 


37*7 


25-7 


35*7 


28*0 


38*2 


29*2 


36*1 





b 


" M 


3S'5 


28'2 


37*7 


27-5 


36-0 


3i"9 


37'7 


31 "O 


41-5 





/ 


7 days 


i6*9 


• • 


19- 7 


. . 


19-9 


•• 


^I'l 


•• 


ii*7 




Mortar 


28 „ 


28-6 


• • 


3S'9 


•• 


33'7 


• • 


295 


. . 


26*9 




3 to I, 1 
briquettes 
kept in air. 


3 months 
6 „ 


35-2 
44-2 


• • 

• • 


43'4 
45-2 


•• 


42-9 
45-6 


■ • 
• • 


40'i 
50-5 


• • 
•• 


43*2 
469 




k 


" » 


53*0 


• • 


49-5 


• • 


50-4 


• . 


Sii 


a • 


58*2 





Note. — i kilogramme per square centimetre = 14*228 lbs. per square inch. 

(i) Briquettes showing some signs of alteration. 

(3) Briquettes very much cracked and blown. 

(4) Briquettes completely decomposed. 
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" Strength.— Ihjt addition of small quantities of gypsum 
to Portland Cement results in increasing its strength. When, 
however, a cement is kept in sea water and the proportion 
of gypsum added exceeds one to two per cent the mortar 
is not long before it shows traces of alteration, and the 
briquettes are sometimes completely disintegrated. (See 
table on p. 235.) 



TSSTS MADE WITH THE SAME CEMENT KEPT IN SACKS FOR 

Two Months. 





Period 

elapsed 

since 

■ 


Tensile strength in kilogrammes per square centimetre. 


[Descnptionof 


Quantity of Gypsum added to the Cement. 


Mortar. 














gauging. 


per cent. 


z percent. 


a per cent. 


3 per cent. 


4 per cent. 




fresh 


sea 


fresh 


sea 


fresh 


sea 


fresh 


sea 


fresh 


s«a 






water 
k. 


water 
k. 


water 
k. 


water 
k. 


water 
k. 


water 
k. 


water 


water. 


water 
k. 


water. 






k. 


k. 


k. 


( 


7 days 


28-0 


35*6 


28-5 


34*1 


21*0 


25-2 


15*0 


13-4 


11*6 12*6 


^.T K. 


28 „ 


47.0 


48-5 


42-9 


48*2 


37'5 


48*9 


34*2 


40*9 


22*916*5 (2) 


Neat 
cement. 


3 months 


52*2 


63-1 


51-7 


56-1 


533 


509 


48*7 


48*1(1) 


50-937-7 (3) 

1 




6 „ 


55 2 


49-2 


54-9 


55-5 


49*252*0 


51*2 


52'0 (2) 


58-643-4(3) 


k 


" » 


59*7 


17-6 


56*0 


27*7 


53'o 


505 


58-5 


51-6(2) 


54-746-0(3) 


' 


7 days 


14- 1 


15*2 


15*2 


136 


i5'7 


13*0 


6*6 


7-0 


SI 5-6 


^ m 


28 „ 


23-7 


22*1 


22 'O 


22*2 


21*5 


18*0 


21*6 


18*0 


17*2 12*1 


Mortar 
3 to I. \ 


3 months 


29-7 


27*0 


29-2 


26*2 


28*2 


20*9 


33-7 


25*0 


28*519*5 




6 „ 


31 '9 


27-5 


31-9 


244 


34-2 


24-7 


35*7 


25-6 


37-3 22*4 


\ 


" M 


35-6 


29-4 


36*1 


275 


34*4 


26*5 


38-0 


25*6 


36*526-2 


f 


7 days 


13-7 


• • 


19*1 


• • 


15*7 


• • 


6-2 


• 


5-1 


• • 


Mortar 


28 „ 


28-6 


• • 


31*0 


• • 


28*6 


• • 


26*9 


• • 


23-7 


• • 


3 to I, 
briquettes 


3 months 


37-6 


• • 


411 


• • 


35*6 


• • 


36-6 


• • 


33*7 


• • 


kept in air. 


6 „ 


47*2 


• • 


49*9 


• a 


43*7 


• • 


47-5 


• . 


43-0 .. 


I 


12 i» 


56-7 


• • 


59 9 


• • 


51*1 


•t 


57*7 


• • 


56-7 .. 



Note. — i kilogramme per square centimetre = 14*228 lbs. per square inch. 

(i) Briquettes showing some signs of alteration. 

(2) Briquettes cracked. 

(3) Briquettes very much cracked and blown. 
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** If the cement containing gypsum is allowed to remain 
in sacks for several weeks, it develops very poor strains 
at the early dates of testing." (See table on p. 236.) 

As the result of a considerable series of chemical re- 
searches in the matter, M. Candlot comes to the conclusion 
that the peculiar effects of adding gypsum to Portland 
Cement are due to the formation of a sulpho-aluminate 
of lime, a salt which he succeeded in producing arti- 
ficially, and to which he attributes the formula (AlaOsi 
3CaO) 2 • S (S08,CaO). From this he deduces the follow- 
ing theory : — 

** It is well known that aluminate of lime is insoluble in 
a saturated solution of lime. If then, sulphate of lime and 
free lime are present together with aluminate of lime, it 
follows that the combination of the sulphate of lime with 
the aluminate can take place but very slowly, because the 
aluminate cannot become hydrated on account of the 
immediate solution of the lime. Thus, a mixture of 
powdered aluminate of lime, of sulphate of lime and of 
slaked lime, having been shaken with an excess of distilled 
water, produced the following results : — 



Periods after which samples of the 
liquid were taken. 


Matters in solution per litre of 
liquid in grammes. 










CaO. 


A1,0,. 


SO,. CaO. 


10 minutes .... 


1-085 


nil 


gr- 
1*734 


3 hours .... 


1-085 




1-632 


6 „ .... 


0-875 




1-632 


12 „ .... 


0-930 




1-504 


8 days .... 


1-085 




nil 


I month .... 


0-304 




. • 
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**The above shows that the combination of the sulphate 
with the aluminate only takes place after a considerable 
period, the aluminate becoming hydrated but very slowly. 

" In Portland Cements of the best manufacture, there 
always exists a little free lime, and as they contain very 
little alumina, this free lime by rapidly dissolving, prevents 
the hydration of the aluminate ; the sulphate of lime be- 
coming dissolved in turn, and not being able to combine 
with the aluminate, adds its action to that of the lime in 
annulling the function of the aluminate ; as it is to this 
salt that setting is attributable when it takes place rapidly, 
a slow-setting cement results. 

" If the free lime, by being sufficiently exposed to the air, 
becomes carbonated, at the moment when the cement comes 
into contact with the water, the lime dissolves less freely, and 
nothing prevents the solution of the aluminate ; the combi- 
nation with the sulphate of lime can take place, and the 
sulpho-aluminate formed, as well as the excess of aluminate, 
by crystallising, determine the rapid setting of the cement." 

Candlot then gives the following experiments to show 
that the above is probably what takes place. 

1. A fresh cement to which gypsum has been added, 
and setting slowly with fresh water, sets quickly if gauged 
with a solution containing a sufficient quantity of carbonate 

of soda to neutralise the free lime, for example : — 

Set. ' 

a. Cement with i per cent of gypsum added, h. m. 

gauged with pure water . . .80 

b. Same cement, gauged with a solution of car- 

bonate of soda containing 2 grammes 

per litre. . . . o 30 

2. A cement with gypsum added is left exposed to the 
air, and at the end of several days it becomes quick setting ; 
if now a small quantity of slaked lime is added to the 
cement, it is rendered very slow setting. 
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Initial Set Set Hard. 

a. Cement containing 2 per cent of h. m. h. m. 

gypsum . . . . o 20 2 30 
Same cement, to which 2 per cent 
of lime has been added . . 6 o 10 o 

b. Cement containing i per cent of 

gypsum . . . . o 10 o 20 
Same cement, to which 2 per cent, 
of lime has been added . .1080 

The foregoing results show conclusively, that additions 
of gypsum are not always an unmixed advantage, and, as 
before stated, the exact effect of such admixtures require 
to be more fully understood and realised before they can 
be lightly accepted. Of course, from the manufacturer's 
point of view, admixtures of gypsum or some material 
having the effect of retarding the setting of cement would 
be an inestimable boon to those who are bound by the 
clauses of a specification to supply a slow setting and 
finely ground cement Such admixtures would be more 
especially appreciated during the summer months and in 
tropical climates, where the natural quick setting properties 
of a cement are materially aggravated by climatic condi- 
tions of temperature, &c. Where such small additions of 
material like gypsum are found to produce such marked 
results, another difficulty that must not be overlooked is the 
danger arising from imperfect incorporation of the admix- 
ture with the whole of the cement It is usual to add the 
gypsum to the clinker at the crushers in the course of 
manufacture, and it will be readily understood that the 
regular and uniform addition of such small quantities as 
j^ and I per cent is no easy matter ; in fact, that was the 
reason recently put forward by one lai^e firm of manufac- 
turers for not employing such additions unless they were 
absolutely obliged. 
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CHAPTER VI. 

WEIGHT, SPECIFIC GRAVITY, AND COLObK. 

The object of ascertaining the weight per bushel of a 
cement is to enable some opinion to be formed of the 
amount of calcination to which the sample has been 
subjected, as, cceteris paribus, the harder it is burned the 
greater will be the weight per bushel. 

The weight per bushel test is really a relic of olden days, 
when cement was sold by the bushel, and is of no value 
whatever to the user as to the quality of a cement, inas- 
much as it is chiefly governed by the fineness to which the 
sample is ground, and its age. On these points the follow- 
ing experiments by Faija are interesting and conclusive.* 





No. I. 


No. 2. 










Ib8. 


lbs. 


Weight when received 


• • 




"3 


112 




in one month 


* • 




no 


III 




in three months 






102 


102 




in six months 






100 


99 




in nine months 






97 


• • 




in one year . 
in six months . 


per 


cent 


95 


. . 


Loss 


"•5 


11*6 


» 


in twelve months 




» 


i5'9 


• • 



* < Transactions Society of Engineers/ 1888. 
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It will be seen that a cement a year old weighs about 
18 lbs. less per bushel than when fresh, or loses about 
15*9 per cent, while at six months the loss is about 1 1 ' 55 
per cent. Then again, the finer a cement is ground the 
less it weighs per striked bushel, so that to ask for a heavy 
cement is tantamount to asking for a coarsely ground one. 
Though this is pretty generally known now, the following 
experiments made by the same authority several years ago 
may be of interest : — 



No. I cement . 

The same cement ground 
100 X 100 sieve 

No. 2 cement . 

The same cement ground 
50 X 50 sieve 

No. 3 cement . 

The same cement ground 
50 X 50 sieve 

No. 4 cement . 

The same cement ground 
50 -x 50 sieve 

No. 5 cement . 

The same cement ground 
50 X 50 sieve 



to 


all 


pass 


• 

a 

• 


to 


all 


pass 


• 

a 

• 


to 


all 


pass 


• 

a 

• 
■ 


to all 


pass 


a 

• 


to 


all 

1 


pass 


• 

a 



Residue on 

No. 50 X 50 

Sieve. 



per cent. 
6 

Nil. 
25 

Nil. 
16 

Nil. 
14 

Nil. 
33 

Nil. 



Weight per 
Bushel. 



lbs. 
io9i 

1 00 J 
114 

104 
116 

109 
116^ 

112 
ix8i 

105 



To the manufacturer the weight per bushel is of some 
considerable value, as the author has found in practice ; 
every manufacturer knows what his cement should weigh if 
properly calcined^ and ground to a certain degree of fineness, 
and by periodically taking the weight per bushel through- 
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out the day, he is able to keep a check upon the amount of 
calcination it has received. 

In ascertaining the weight per bushel the measure should 
be filled as lightly as possible, and the contents struck off 
level at the top. The best known apparatus for this pur- 
pose is that adopted by the late Sir John Coode, a sketch 
of which is given in Fig. 70. It consists of a hopper carried 
on a convenient frame, into the apex of which is fitted an 
elongated cone. This cone is supported by and pivoted on 
four horizontal pins or bars resting on the internal surface 
of the hopper, as shown ; the space between the cone and 
the hopper is ^ inch wide, so that the cement has only a 
very narrow outlet through which to pass from the hopper, 
and must therefore flow in a very steady stream. The top of 
the bushel measure is i foot 6 inches from the mouth of the 
hopper, and the cone projects 9 inches below this mouth ; 
the cement is fed into the hopper with a shovel, and therefore 
slides down the cone for 9 inches, and then drops direct into 
the measure. 

The object of every apparatus used for determining the 
weight per bushel is that the cement shall fall into the 
measure in a steady uniform stream from a given height, 
it being very evident that if it is roughly shovelled in, the 
weight will be considerably greater than when lightly filled. 
Fig. 71 is a sectional illustration of the hopper devised and 
used by the late Henry Faija. It consists of an ordinary 
hopper A, carried in a suitable framing, and of sufficient 
capacity to hold rather more than a bushel of the material to 
be weighed. At its apex is a horizontal conveyor trough, 
into which the cement falls, and by turning the handle D, 
which actuates the conveyor, it is brought forward to the 
opening £, whence it falls into the measure in a steady 
uniform stream. When the measure b piled full, the hole 
E is closed by the handle F, which works a sliding shutter. 

R 2 
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The cement can then be struck off level at the top with a 
straight-edge in the usual way. For use on works the lower 
part is made open as shown. For testing room use, where the 
dust arising from the filling and striking off of the measure 
would be a source of considerable annoyance, the lower 




Fig. 71. 

part of the framing is boarded up and enclosed, so that the 
whole of the dust is confined within it. A moveable door is 
arranged at the front, to allow of the passage of the bushel 
measure, which is run in and out on a deep tray fitted with 
castors to facilitate removal. This tray covers the whole of 
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the floor space of the apparatus, and consequently catches 
all the superfluous cement in striking off. Glass shutters 
are arranged at each side at about the level of the top of 



ELEVATION. 



the bushel, so that when the measure b seen to be full, the 
straight-edge can be passed through over the top and the 
contents struck off level. 
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A very simple arrangement for filling the bushel mea- 
sure where neither of the foregoing apparatus is available 
is that shown in Fig. 72. It consists of an ordinary sieve D 
of any convenient diameter, and having about ten holes per 
lineal inch, which is worked to and fro on the top of a 
stool-shaped frame A ; the cement is fed into the 3ieve by 
means of a small shovel, and passes through it in a constant 
stream into the measure B below. This arrangement gives 
results which compare very well with more elaborate devices. 
It is unnecessary to add that with this and all arrangements 
for estimating the weight per bushel, the measure must not 
be touched or jarred before being struck off level, and the 
operation must be conducted on a solid floor free from 
vibration of any kind. 

The specific gravity, i.e. the weight of a substance com- 
pared with water, is a more reliable criterion of the relative 
weight of cement, as it is not affected by the fineness of 
grinding ; the age of the sample, however, largely affects 
its specific gravity, though not to such a degree as its 
weight per bushel. The following experiments, taken from 
the paper previously quoted,* show very clearly the effect of 
age upon the specific gravity of cement. 





No. I. 


No. 2. 


No. 3. 


No. 4. 


Specific gravity when received . 
„ in one month 
„ in three months . 
„ in six months 
„ in nine months . 


3*16 

3*055 

3*095 
3-016 

2-969 


3*175 
3*125 

2-965 

2-93 

2*915 


3-16 

3*13 

3*084 

3*oi8 

3*015 


3*12 

3-109 

2-985 

2*995 
2-985 


Loss in six months (per cent.) . 


4*55 


7-71 


4*49 


4*006 



* Transactions Society of Engineers,' 1888. 
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Cement being a hydraulic material, i.e. setting under 
water, it is impossible to estimate its specific gravity by 
weighing in water in the ordinary way, and it is, there- 
fore, necessary to use a liquid which does not put in 
motion its setting properties. The most convenient and 
generally used liquids for this purpose are ordinary paraffin 
and turpentine. 

The method used by some operators of ascertaining the 
specific gravity of cement is to simply estimate the weight 
of paraffin of known specific gravity displaced by 100 grains 
of cement, and calculate the specific gravity of the latter 
therefrom. For this purpose an ordinary specific gravity 
bottle with a perforated stopper is used, the weight of 
which is counterpoised on the balance. It is then filled 
with paraffin and weighed. The stopper being perforated 
enables it to be filled without any of the liquid escaping 
down the side, any slight excess being readily intercepted 
through the stopper. The weight of the paraffin being 
recorded, the greater part of it is emptied out and the 
100 grains of cement introduced into the bottle by means 
of a small funnel. The stopper is then replaced and the 
bottle and the contents are gently shaken to get rid of any 
air bubbles. The bottle is then again filled with paraffin 
and weighed : its weight, minus the 100 grains of cement, 
gives the actual weight of paraffin present, and the diflfer- 
ence between that figure and the weight of the bottle filled 
with paraffin only, gives the weight of the paraffin displaced 
by the 100 grains, or, in other words, the relative weights of 
similar bulks of paraffin and cement. The weight of the 
substance taken, divided by the weight of paraffin displaced, 
gives the specific gravity of the cement compared with 
paraffin ; this result, multiplied by the specific gravity of 
the paraffin, gives the specific gravity of the trement The 
specific gravity of the paraffin is, of course, easily ascer- 
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tained by means of an ordinary hydrometer, and the only 
calculation necessary is — 

Weight of cement taken X S.G. of paraffin « ^ - 

^^r . , ^ — -c ^ — -p — i -\ = o.Cj. of cement. 

Weight of parattin displaced 

As the weight of cement taken was 100 grains, it merely 
means dividing the specific gravity of the paraffin, by the 
weight of paraffin displaced, and moving the decimal point 
two places to the right 

A very convenient apparatus for determining specific 
gravity is that devised by Mr. Mann, an illustration of 
Y^i which is given in Fig. 73. Mr. M^^nn describes 
his apparatus as follows * : — 
B " It consists of a small glass vessel holding, 

when filled to a mark A, on the neck, a given 
quantity of liquid, and of a glass pipette fur- 
nished with a graduated stem and stop-cock, 
and containing, when filled to a mark B, on its 
upper extremity, a volume of liquid equal to 
that held by the first-mentioned vessel, minus 
the quantity displaced by 1000 grains of the 
densest substance intended to be examined. 
" In using the gravimeter the pipette is filled 
to the mark B with paraffin, tur- 
pentine, spirits of wine, or any 
other liquid which does not act on 
the cement (preferably paraffin) ; 
1000 grains of the cement are then 

^V ^ HIb 'I II'' 'I 

11 mi 'ill-/ introduced into the smaller vessel, 

^Hipiiiajlj^ which is placed under the pipette 

and filled to the mark A. Before 
this is quite completed, the vessel may be corked, and the 
contents shaken to remove any small air-bubbles that may 

♦ * Proceedings Inst. C.E.,* vol. kIvu. pp. 2$! and 252. 
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be entangled in the cement. The height of the cohimn 
of liquid remaining in the pipette determines the specific 
gravity, which can be at once read off on the graduated 
stem. It is manifest that the denser the substance operated 
upon, the less liquid will be displaced in the smaller vessel, 
and therefore the less will remain in the pipette, and 
vice versd. In reading the accompanying gravimeter, the 
second place of decimals is estimated Any greater degree 
of delicacy may be obtained either by diminishing the 
diameter of the stem or by reducing the range. 

" The specific gravity of any solid substance coming 
within the range of the instrument can, of course, be taken 
in the same manner. The advantages claimed for this 
gravimeter are, that neither the density nor the tempera- 
ture of the liquid used need be taken into account ; one 
weighing is sufficient, and all arithmetical calculations are 
dispensed with ; it is also inexpensive, and requires little 
skill in manipulation. 

" In order to test the accuracy of the instrument, a small 
piece of granite was reduced to powder and its specific 
gravity taken by the gravimeter ; the specific gravity of 
an unpulverised piece was then ascertained by the ordinary 
method. Similar experiments were also made with a piece 
of limestone. The results were : — 

Granite \ Specific gravity by gravimeter \ 2' 62 

\ „ „ ordinary method I 2 • 63 

Limestone J Specific gravity by gravimeter 1 2-70 

I „ „ ordinary method I 2.71 

This apparatus is still considerably used in England, 
and it certainly has the advantage of simplicity, only one 
weighing (that of the looo grains of cement) being neces- 
sary, and no calculation being required. The author's 
experience of it is that it is very diflScult to get rid of all 
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the air bubbles ; the method of corking and shaking sug- 
gested by Mr. Mann would unavoidably lead to loss of 
liquid and consequently an erroneous result Another 
source of error is that the bulk of the liquid is sensibly 
affected by the slightest change in temperature, to say 
nothing of the probable loss by evaporation. Although 
not scientifically accurate, this apparatus is perhaps suf- 
ficiently so for general work, especially if the mean be 
taken of several experiments. 

Fig. 74 shows Keate's double bulb specific 
gravity flask. As will be seen from the illus- 
tration, it consists of two bulbs, one above 
the other, the neck of each bulb being 
marked. The bottom bulb is of any given 
capacity, but the capacity of the upper bulb 
between the two marks is that of 1000 grains 
of water at normal temperature. To ascer- 
tain the specific gravity by this apparatus 
the lower bulb is filled with paraffin up to 
the mark on the neck, and the weight of 
the whole taken. The cement is then intro- 
duced into the flask until the liquid" rises to 
the mark on the neck of the upper bulb. 
The whole being again weighed, the increase in weight 
gives the weight of a bulk of cement equivalent to a bulk 
of 1000 grains of water. The specific gravity of the sub- 
stance is, of course, the increase in weight divided by 1000. 
There are several forms of specific gravity apparatus in 
use on the Continent, of which the most popular is, perhaps, 
that of Schumann, shown in Fig. 75. It consists of a 
graduated tube A, ground, stopper fashion, into the neck 
of a small flask. This tube is graduated into tenths of a 
cubic centimetre, the graduated portion ranging from zero to 
40 C.C. To estimate the specific gravity by this apparatus. 




Fig. 74. 
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the stoppered tube is tightly fixed into the neck of the flask, 
and paraflin introduced until both flask and tube are filled 
up to the zero mark or one of the first graduations on the 
scale. The exact reading being taken, 100 grammes of 
cement are thereupon gradually introduced down the tube, 
and the reading again taken. The diflerence between the 
readings gives the displacement of the paraflin, which indi- 
cates the bulk occupied by the 100 
grammes of cement As the space 
occupied by the paraflin is consider- 
ably aflected by the least variation 
in temperature, it is essential that 
its temperature should be the same 
at each reading, and for that pur- 
pose the bulb of the apparatus is 
placed under water of constant 
temperature a short time before 
the height of the liquid is read ofll 
Fig. 76 shows a modification of 
the Schumann apparatus devised 
by M. Candlot It is exactly the 
same in every respect, except that 
the top of the tube terminates in 
a bulb. A suflicient quantity of 
paraffin is introduced into the bulb, 
so that when the flask is attached 
and the apparatus reversed, the 

flask is filled as far as one of the first graduations of the 
scale. Again reverse the apparatus so that the paraffin 
flows back into the bulb, and then introduce 100 grammes 
of cement into the flask. On again carefully tilting the 
apparatus, the paraflin flows back into the flask, and the 
displacement caused by the cement is shown on the gradu- 
ated tube. As with the Schumann apparatus, the accuracy 
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Fig. 76. 
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of this volumeter depends to a considerable extent upon the 
temperature of the paraffin being the same at each 
reading, and the temperature should therefore be equalised 

before the height of the liquid is 
read off, by immersing it for a 
short time in water. 

Fig. JJ shows the apparatus 
designed by M. H. Le Chatelier, 
which has lately been recom- 
mended by the French Com- 
mission des M^thodes d'Essai 
des Mat6riaux de Construction. 
As will be seen from the illus- 
tration, it consists of a flask of 
about 120 ex. capacity, having 
a neck about 20 cm. long and 
about 9 mm. in diameter. About 
half-way up the neck is a bulb 
of exactly 20 c.c, capacity, indi- 
cated by marks above and below 
it. Commencing at the mark 
above the bulb, the tube is gradu- 
ated from zero to 3 c.c. in tenths 
of a centimetre. The method of 
using the apparatus is as follows. 
Fill the flask with paraffin up to 
the mark below the 20 ex. bulb, 
weigh out exactly 64 grammes 
of cement and introduce it into 
the neck of the flask by means 
of a funnel. The bottom of the 
funnel should reach just below the first graduations, so that 
should the powder fall against the side of the neck, it will 
be below the space eventually occupied by the parafiin, and 
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will not affect the accuracy of the results. The cement is 
added until the paraffin rises to the zero mark on the neck 
above the 20 c.c. bulb. The remainder is then weighed and 
the quantity that has been introduced into the bottle corre- 
sponds'With the weight of cement equivalent to 20 cc. of 
water. An alternative arrangement is to introduce the 
whole of the 64 grammes, and by reading off on the gradu- 
ated scale the additional space occupied over and above 
20 ex., the bulk of the liquid displaced is estimated ; then, 
as before, the weight of cement taken divided by the weight 
of water (or its equivalent in bulk) displaced, gives the 
specific gravity of the substance. To equalise the tempera- 
ture of the liquid the bulb should be immersed in water a 
short time before each reading. 

With every apparatus for determining the specific 
gravity of cement, the difficulty is to get rid of the air 
bubbles entangled between the particles, or, as with the 
Schumann type of apparatus, carried down by them on their 
passage through the liquid ; and unless these air bubbles are 
entirely expelled by gently tapping or shaking, or other 
means, the result will be proportionately erroneous. When 
using volatile liquids, the loss caused by evaporation may 
be considerable, especially in warm weather, and there- 
fore the temperature should be kept as nearly normal as 
possible. 

The specific gravity of a well-burned cement should 
not be less than 3 * i, and a g^eat many cements will show 
as high a specific gravity as 3' 15, or even higher when 
freshly burned. The value of the specific gravity as a test 
of quality is rather problematical, for although a high 
specific gravity may be taken to indicate a well-burned 
cement, the amount of burning which a cement requires, 
depends largely upon its chemical composition, and the 
care with which the raw materials have been blended in 
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the first operation of mechanical mixture. It very often 
happens that a sample with a comparatively low specific 
gravity has a much greater value as a constructive material, 
than one with a high specific gravity ; it is therefore a test 
which must be carefully considered in conjunction with the 
other characteristics developed by the sample under 
examination. 

The chief advantage of the specific gravity is that it 
is an absolute test, and is only affected by the age of the 
sample, whereas with the weight per bushel, the age, fine- 
ness, and even the apparatus used, affect the result obtained, 
in fact the latter is by no means the least important factor. 
The reason why the age of a sample affects its specific 
gravity is that it absorbs moisture and carbonic acid from 
the air, the quantity depending of course upon the amount 
of exposure and on facilities for absorption. As the specific 
gravity of these matters is considerably less than that of 
cement, it will be readily understood that any considerable 
absorption. will materially affect the result This, how- 
ever, can be practically obviated, where such facilities 
exist, by heating the cement to redness, and allowing it 
to cool in a desiccator before taking its specific gravity. 
By this means it is reduced to practically the same con- 
dition as when it left the mill. Where facilities for burning 
do not exist, the moisture at all events may be driven off 
by heating in an oven at 212° R, or, better still, 300° F., 
by which means an approximate result is obtained. 

Colour. 

The colour of a cement is very often of considerable 
value to the experienced operator in roughly estimating 
its probable qualities. This remark is more especially 
true from a manufacturer's point of view, as, knowing the 



Weighty Specific Gravity, and Colour, 255 

colour which his product should be if properly proportioned 
and calcined, he can generally detect any serious fault 
either in proportion or calcination from the appearance of 
the cement, either when in a state of powder or gauged 
into a briquette or pat. It is, therefore, a very general 
custom to leave one pat from each set of the briquettes 
exposed to the air for a few days, in order to determine 
the colour of the samples. The colour of a well-propor- 
tioned and well-calcined cement should be of a cold blue- 
grey, when in the powdered condition ; if of a brownish 
colour, or, as it is technically called, "foxy," it denotes 
either insufficient calcination, or the use of an unsuitable 
clay, or possibly excess of clay. A cement that contains 
an excess of clay is, as a rule, extremely quick setting, and 
never attains any very great strength. Generally speaking, 
a dark, bluish-grey colour denotes a thoroughly burned 
cement, and one that contains a sufficiency of lime. For 
constructive purposes the colour of a cement is a secondary 
consideration, unless used for stucco and similar work where 
it is exposed to view. In that case the colour is of some con- 
siderable importance, as nothing looks more disagreeable 
than a piece of cement plastering, such as the wall of a 
building, which instead of being of a dark, cold blue-grey 
colour, is a dirty " foxy " brown. This " foxy " colour is 
sometimes brought about by excessive trowelling, espe- 
cially when a cement is quick setting, and, as sometimes 
happens, is worked for a moment or two after setting has 
actually commenced. The effect of over-trowelling on 
the colour of a cement was lately very clearly illustrated 
in the author's testing room. Of a series of samples 
which were taken from the same bulk, the trial pats of 
two were gauged immediately on receipt, and the re- 
mainder, owing to unavoidable circumstances, had to be 
left till a few days later ; during this time they became 
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quicker setting, so quick setting, indeed, that they could 
with difficulty be gauged. The pats of each were left in 
air, and those which afforded plenty of time to the oper- 
ator were of a very good colour, while those which were 
barely finished before setting had commenced, were of a 
very disagreeable brown " foxy " colour on the surface. The 
same thing may often be noticed with briquettes made 
from a very quick setting cement, the trowelled surface 
which is exposed to the air frequently developing the brown 
colour previously mentioned. Another matter of manipu- 
lation which often affects the colour of a sample, is the 
amount of water used for gauging ; with a slow setting 
cement the less water used, the darker and better will be 
the colour of the surface of the briquettes where exposed 
to the air. It is usual to cover the briquettes after gauging 
with a damp cloth during the twenty-four hours in which 
they are left in air, which, in addition to preventing the 
undue evaporation of the water used far gauging, will 
be found to greatly preserve and improve their colour. 
Should the cement contain any appreciable quantity of 
underbumed particles, they will have a tendency to rise 
to the surface with the water during the shaking and 
trowelling of the briquettes, owing to their lighter gravity ; 
a film of a yellowish-brown colour is thus formed on the 
surface, which is very plainly distinguishable in the section 
of the briquette after fracture. 
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CHAPTER VII. 

CHEMICAL COMPOSITION. 

Taken in conjunction with a mechanical examination and 
physical tests, a knowledge of the chemical composition of 
a cement is of great importance in determining its construc- 
tive value. Its chief value is in estimating the amount of 
active ingredients present, and also in detecting any excess 
of deleterious constituents. It is, however, of very little use 
by itself in the determination of the value of a sample, for 
although the cement may contain the correct ingredients, 
yet, owing to faulty incorporation of the raw materials, 
imperfect burning, or insufficient grinding, it may possess 
any but the properties of a good Portland Cement, these 
being points upon which an analysis throws little or no 
light Although it may be possible occasionally to form 
a definite opinion as to the probable qualities of a sample 
from its chemical composition, owing to excess or insuf- 
ficiency of certain constituents, such opinion should always 
be confirmed by careful physical tests. 

Lime, combined as silicates and aluminates, is the chief 
active ingredient of cement, and it has been found in 
practice that, within certain limits, the more lime a cement 
contains the greater is its strength, although, if more 
lime is present than can combine chemically with the other 
ingredients, the cement after setting will subsequently blow 
and disintegrate. Apart from the chemical composition of 
the raw materials and the percentage of lime necessary to 
form the definite silicates and aluminates contained in a true 

S 
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Portland Cement, the amount of lime which a cement will 
safely bear depends largely upon the care and attention which 
has been expended upon the several processes of manufac- 
ture. A thoroughly washed, well burned and finely ground 
cement will bear with safety a considerably higher percentage 
of lime than one made from the same raw materials which 
have been badly incorporated, imperfectly calcined and 
coarsely ground. In the first instance, the mechanical mix- 
ture being imperfect, the subsequent chemical combination 
by calcination is also imperfect, owing to the particles 
of chalk or carbonate of lime being insufficiently reduced 
to completely combine with the silica and alumina, thus 
resulting in free or loosely combined lime. In the second 
case, insufficient heat has been applied to cause the proper 
chemical combination of the lime with the silica and alu- 
mina ; and by coarse grinding of the calcined material, any 
small particles of uncombined lime which in a finely ground 
cement would be exposed to the immediate action of the 
water during gauging, and thus rendered innocuous, are 
confined within the coarse particles, and their subsequent 
hydration and expansion cause the disintegration of the 
mass. 

As a case in point, the- following analyses may be quoted 
as showing the composition of two cements of practically 
similar constituents, made at the same works from the 
same raw materials, and yet differing materially in physical 
properties, owing to faulty manufacture of one. Sample A, 
which was badly washed, i.e. the raw materials imperfectly 
incorporated, although it contained only i per cent, more 
lime than sample B, was burned to the same degree of 
hardness, and ground to the same fineness, proved to be 
utterly unsound ; while, on the other hand, sample B, which 
was properly washed, i.e. the raw materials thoroughly 



A 


B 


24-5 


23-6 


8-8 


91 


62*2 


6i'i 



Chemical Composition. 259 

amalgamated in the first prcx:ess of mechanical mixture, 
gave perfectly satisfactory results. 

Silica ..... 
Alumina .... 
Lime ..... 

According to Le Chatelier* the minimum proportion of 
lime in a true Portland Cement should not be less than 

CaOMgO 
SiOaAl^Oa ^' 

nor the maximum greater than 

CaOMgO ^ 



SiOaAlaQaFeaOa 

In putting forward these formulae Le Chatelier assumes that 
not more than three equivalents of lime or magnesia can 
enter into combination with silica and alumina. 

A very interesting series of researches as to the constitu- 
tion of cement has recently been carried out by Messrs. 
Newberry ,t of New York. By synthesis they determined 
that— 

1st. Lime may be combined with silica in the proportion 
of 3 molecules to i (3CaOSiOa), and still give a product 
of practically constant volume and good hardening proper- 
ties, though hardening very slowly. With 3J molecules of 
lime to I of silica (3^CaOSiOa) the product is not sound, 
and cracks in water. 

2nd. Lime may be combined with alumina in the 
proportion of 2 molecules to i (2CaOAla03), giving a pro- 
duct which sets quickly but shows constant volume and 
good hardening properties. With 2\ molecules of lime to 
I of alumina (2^CaOAla03) the product is not sound. 

The formula 3CaO,Si02 corresponds to 2 • 8 parts lime 

* * Annales des Mines,* 1887, p. 345. 

t ' Society of Chemical Industry,' Not. 1897, p. 889. 
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(CaO) to one part silica (SiOi), and the formula 2CaOAlaOs 
corresponds to i • I by weight of lime (CaO) to i of alumina 
(AI2O3), and therefore the following formula is given as re- 
presenting the maximum of lime in an ideal Portland 

Cement : — 

%CaO = %SiOa X 2-8+%Al203 x I'l. 

By a series of synthetical experiments with mixtures 
contdning various percentages of alumina they show that 
cement prepared according to the above formula gives 
satisfactory results, whereas cement containing three mole- 
cular proportions of lime to i of alumina, according to 
the maximum laid down by Le Chatelier's formulae, is un- 
sound, thus showing that the lime limit has been exceeded. 
It is perhaps needless to reiterate that the proportions 
above mentioned refer only to an ideal cement, the raw 
components of which have been most intimately com- 
mingled and thoroughly and evenly burned, and would 
scarcely answer with the comparatively crude methods of 
treating the raw materials in the ordinary course of manu- 
facture. 

Silica in the form of silicate of lime is generally con- 
sidered to be responsible for the hardening properties of a 
Portland Cement, apart from its setting properties, and some 
writers go so far as to assert that as soon as the cement 
is set, the function of the aluminate of lime ceases. This, 
however, has by no means been proved, and some natural 
cements are made in France which consist almost entirely 
of aluminate of lime. It is well known in actual practice 
that the hardening of cement and hydraulic limes is greatly 
accelerated and increased if they are subjected to a bath 
of silicate of soda ; and the application of this silicate bath 
in some form or other is the basis of the principal claim 
in more than one patent for indurating paving slabs and 
other moulded materials composed of Portland Cement 
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Aluminate of lime is generally considered to be re- 
sponsible for the setting properties of a cement, as distinct 
from its subsequent hardening ; this view is corroborated by 
general experience, for as a rule the greater the quantity of 
alumina present, the quicker setting the cement. Assum- 
ing Le Chatelier's theory of supersaturation to be correct, 
it is very evident that as the aluminate of lime is the more 
soluble ingredient, the greater the amount of aluminate 
present, the more readily will supersaturation occur, and 
therefore the more rapid will be the formation of crystals, 
and the consequent setting of the sample. 

The action of oxide of iron in cement is a little obscure, 
though if it is present in excess, the colour of the cement is 
more or less affected, owing to the oxide imparting some of 
its colour to the cement Cement prepared synthetically 
by Messrs. Newberry * from silica, alumina and lime only, 
was perfectly white, whereas when iron oxide was substi- 
tuted for alumina, the resulting cement was a dark grey. 
According to Le Chatelier, mixtures of iron oxide and lime 
yield, on burning, products which slake with water but 
possess no hydraulic properties. Messrs. Newberry state 
that iron oxide combines with lime in the same manner as 
alumina, but the amount present in ordinary clays is so 
small, and the quantity of lime with which it will combine 
so insignificant, that its effect is extremely difficult to trace. 
The author's experience is that a moderate percentage of 
iron does not materially affect the constructive value of the 
cement, and that its chemical action is somewhat similar 
to that of alumina. 

Sulphuric anhydride in excess, say, more than 3 per 
cent, is frequently a source of danger, and a case oc- 
curred a year or two ago where that constituent caused 
serious trouble to the manufacturer. It was found that 

* ' Society of Chemkftl Indwtiy,^ Not., 1897, p. 889. 
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the cement occasionally had a tendency to " blow," some- 
times in a very marked degree, and as the percentage of 
carbonate of lime in the slurry was the same in each 
case, it was a little perplexing to discover the cause. On 
the defective samples being analysed it was found they con- 
tained a considerable excess of sulphuric anhydride ; an 
examination was therefore made of the raw materials from 
which the cement was made, and it was found that the 
clay, which was of a blue Gault formation, contained a 
considerable quantity of nodules of gypsum or natural 
sulphate of lime, the quantity varying in different parts of 
the pit. A certain proportion of the sulphates emanates 
from the coke used in calcination, as raw materials which 
contain no appreciable quantity of sulphate of lime are 
sometimes found to produce a cement containing between 
I and 2 per cent, of that constituent, the presence of which 
can only be attributed to the sulphur in the coke. The 
analysis of various coke ashes given on page 70 bears out 
this view. The presence of sulphur as sulphides is generally 
the chief difficulty to be contended with in making cement 
from alkali lime waste, and up to the present time cements 
made from that material have not met with much success, 
owing to the difficulty in sufficiently cleansing the waste 
of that objectionable constituent. The chief danger arising 
from an excess of sulphide is that its subsequent oxidation 
and conversion into sulphate would probably cause ex- 
pansion and disintegration. 

Magnesia is an ingredient about which there was a 
considerable scare a few years ago, when the failure oc- 
curred at the Aberdeen Harbour Works. The disintegrated 
cement, and the white deposit found in the work that failed, 
were analysed and the latter was found to consist largely of 
magnesia ; the inference drawn therefrom was that the 
magnesia in the cement was responsible for the trouble, 
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whereas it was conclusively shown by Faija and others, that 
the magnesia was merely deposited in an inert form from the 
sea water, the reaction being that the sea water dissolved a 
certain amount of lime from the cement, and the solution of 
lime thus formed immediately precipitated the magnesia 
contained in the sea water. An excess of magnesia is not 
desirable, but very few cements made from the chalk and 
clay formations in the Thames and Medway valleys contain 
more than i • 5 per cent The cement made from the Lias 
formations and from the limestones and clays of North 
Wales, generally contain rather more ; in fact, one factory 
in that district, with which the author was connected a few 
years back, produced a very good cement containing as much 
as 5 per cent of magnesia. It is, of course, preferable that a 
cement should not contain more than 3 per cent, and the 
less the better. The reason why a considerable amount 
of magnesia is dangerous, is that it needs a much higher 
temperature than lime to enable it to combine with the 
acid constituents, and therefore an excess is generally in 
a more or less uncombined state. 

Most cements contain a small percentage of potash and 
soda, or "alkalies," as they are generally classed in an 
ordinary analysis, but the percentage is so small, and their 
effect of so little importance, that they are generally not 
worth estimating separately. Instances have, however, 
occurred of cements made from the lime waste of alkali 
works giving anything but satisfactory results, and the 
only fault that could be found with their chemical com- 
position was a slight excess of alkali In one particular 
instance, a pat having been made and left in air in the usual 
course, a thick white furry efflorescence was found to have 
been formed on its surface a few hours afterwards, which 
proved to consist chiefly of carbonate of soda. This 
was evidently due to the water used for gauging having 
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dissolved out the alkali, which would be brought to the 
surface with the water when the pat was smoothed off 
with the trowel, and the subsequent setting of the sample 
absorbing the water, the alkali, which probably consisted 
of free caustic soda, combined with the carbonic acid in the 
atmosphere and thus caused an efflorescence. 

A great deal has been said and written about "free 
lime " in cement as forming the chief disintegrating ingre- 
dient, but it has by no means been proved that free lime, 
i.e. lime in an actually free state, really exists, even in 
an unsound cement. Loosely combined it may be, but 
personal experiments have shown that it is very doubtful 
if it is actually in a free state. With the object of deter- 
mining the presence of free lime, there is a specification 
at present in force containing the following clause : 
"Any cement which absorbs in proportion more than 
two (2) milligrams of carbonic acid to three (3) grains 
of cement, shall be taken as containing more than the 
permissible quantity of free lime or magnesia." As the 
same specification enforces the Deval test for soundness, 
the above-mentioned chemical test is a little superfluous, as 
a cement which will pass the extremely severe conditions 
of the Deval test, is not likely to contain any " free " lime. 

The insoluble residue of a cement indicates the amount 
of uncombined silica and alumina in the form of sand and 
clay, and if there is any considerable amount of insoluble 
residue, it] suggests that a bad sandy clay has been used. 
If, however, the sand in a clay is in a finely divided form, 
it will be found to combine with the other constituents on 
calcination, or, in other words, the lime will absorb it, 
unless it is of a very coarse nature. The insoluble residue 
of a cement should not exceed two per cent, but as it 
merely represents so much inert matter, it really is not 
of vital importance. The estimation of the insoluble 
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residue is held by some to afford an indication of the 
perfection or otherwise of the mechanical mixture and 
subsequent calcination of the raw materials, but the 
author's experience is that the difference in this respect 
between a well washed and badly washed cement is so 
slight that it really affords very little guidance. 

With the object of determining the percentage of in- 
soluble residue in cement clinker at different degrees of 
calcination, samples were procured from four different 
works on the Thames and Medway and examined in this 
particular, the results of which are given in the following 
table : — 





Percentage of Insoluble Matter at Different 
Degrees of Calcination. 


Clinker from 


Very much 
Under- 
burned. 


Under- 
burned. 


Slighdv 
Under- 
biimed. 


WeU 
Boined. 


Cement works A . 


2*67 

0-58 
0-28 


nil 

0*14 

nil 

nil 


nil 
nil 
nil 
nil 


nil 

O'lO 

nil 
nU 



To ensure comparative results, an average sample of 
each kind of clinker was taken from the same kiln. The 
well burned sample was of a dark porous honey- 
combed nature, indicating that the calcination had been 
pushed just to the point of incipient vitrifaction ; the 
slightly underbumed sample was much lighter in colour, 
indicating that the calcination was scarcely completed; 
the underburned sample was still lighter in colour and 
gravity, while the very much underburned material consisted 
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simply of slurry which had only been subjected to suf- 
ficient heat to drive off the carbonic acid, and was almost 
yellow in colour. It will be seen that the insoluble 
residue in all the " well burned," " slightly underburned," 
and " underbumed " samples was practically nil, while in 
only two of the " very much underbumed " samples does 
it exceed i per cent As all the samples denominated 
"underbumed" were of such a nature as to produce an 
utterly unsound and worthless cement, it seems pretty 
evident that the estimation of the insoluble residue is not 
much of a guide as to the amount of calcination to which a 
sample has been subjected. It will be seen from the table 
on page 70 that the ash of the coke used for calcination 
consists largely of insoluble matter, and as these samples 
of clinker were picked specimens, free from the dust of 
the coke ash, it suggests very strongly that the fractional 
percentage of insoluble residue usually found in an ordi- 
nary cement, is due principally to the ash contained in 
the fuel used for calcination purposes. 

Some users lay great stress upon the amount of 
carbonic acid which the cement contains, as indicating 
uncombined lime or insufficient calcination, and specifica- 
tions are met with which require that the quantity shall 
not exceed i per cent. All cements absorb more or less 
carbonic acid and moisture from the atmosphere, and the 
amount will sometimes be considerable, depending, of 
course, upon the amount of aeration to which they have been 
exposed. The following experiments initiated by the late 
Henry Faija some eight years ago, and completed by the 
author, may be interesting on this point. A perfectly 
sound cement, examined immediately on arrival from the 
manufacturers, was found to contain '25 per cent, of 
carbonic acid. Part of the sample, designated No. i in 
the following table, was kept headed up in the cask in 
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which it was received, and a part (No, 2) spread out on 
a tray exposed to the atmosphere in a thin layer. Each 
sample thus treated was examined for carbonic acid at 
stated intervals, and the percentage absorbed was found 
to be as follows : — 



After. . 


2S Days 


3 Months. 


6 Months. 


12 Months. 


2 Years. 


3 Years. 


No. I 
No. 2 


•57 

1-82 


I -08 
3"30 


1-57 
4' 00 


2-05 
4-90 


2*90 
S'OS 


3*21 
5.60 



The above cement, tested for tensile strength at similar 
prolonged periods, carried at three days 325 pounds, at 
seven days 431 pounds, and gradually increased in strength 
till, at the end of three years, the breaking weight was 
889 pounds, thus conclusively proving that there was no 
fault to be found with the cement as regards soundness 
or the presence of free lime. 

Except in corroboration of an opinion already formed 
from the yellowish underburned appearance of the sample, 
the percentage of carbonic acid is not much guide as to the 
calcination to which a cement has been subjected ; more- 
over, as it merely indicates that the uncombined lime has 
become carbonated, and therefore harmless, it is a little 
difficult to understand the importance attached to it by 
some users. 
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CHAPTER VIII. 

ADULTERATION. 

At the conclusion of a paper read by the late Henry Faija 
before the Society of Engineers in June 1885, the following 
passage occurs : 

" In the early part of the paper, the author used the 
word 'adulterant' when referring to the coarse particles 
of a cement He refers to it again because the Cement 
Makers' Union in Germany has lately had a paper sub- 
mitted to it, being the result of certain experiments by 
Dr. Fresenius, made with the object of deciding whether 
or no a cement is adulterated. Dr. Fresenius says that 
cement has lately been much adulterated with a material 
so similar to what cement should be that even chemical 
analysis fails to detect it, and he, therefore, submits to the 
Union a number of tests or rather chemical processes by 
which such adulteration may be detected. The author is 
glad to say that in his practice he has never yet met with an 
adulterated English cement, any shortcomings in a cement 
having been due in all cases to more or less faulty manu- 
facture or to the use of improper raw materials. As every 
matter of chemical research, or, it may be said, of testing, 
connected with cement which emanates from Germany has 
great weight with many in this country, the author thinks 
it but right that he should say this much In honour of the 
English manufacturers, who have not had the opportunities 
of the technical education which is so general in Germany, 
and which seems, in this particular manufacture at all 
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events, to have enabled the pupil to circumvent the 
master. .... The user may be quite satisfied that when 
using English cement, he may have a bad or an unsound 
one, .... but he is not at all likely to meet with an 
adulterated one.*' 

Although, unfortunately, the author cannot endorse the 
above paragraph in its entirety, he will say, in justice to the 
London manufacturers, that with the exception of two or 
three small makers who use and advocate the admixture of 
Kentish ragstone ground up with their cement, he has not 
met with a case of adulteration of cement made in that 
district The makers in question who use Kentish rag 
only represent an extremely small proportion of the out- 
put of the Thames and Medway, and practically the whole 
of their manufacture is consumed locally, so that there is 
complete justification for stating that the whole of the 
cement at present exported from the Thames and Medway 
is the proper calcined kiln product 

This question of Kentish rag and other admixtures gave 
rise to a good deal of discussion some four years ago. The 
manufacturers above mentioned claimed that its judicious 
admixture not only was not an adulteration, but actually 
improved the quality of the cement With the object of 
ascertaining the actual effect of such admixtures, the 
author instituted a considerable series of experiments on 
the subject, the results of which are embodied in the paper 
which he had the honour of reading before the Society of 
Engineers in November 1896. 

Kentish rag is a sandy limestone of the lower Green- 
sand formation, consisting chiefly of carbonate of lime, but 
containing more or less sandy or clayey matter, its compo- 
sition varying according to the strata in which it is found. 
The chemical constituents of the particular stone used for the 
experiments in question were found to be as follows : — 
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Water .... 


I • GO 


Insoluble siliceous matter . 


7-28 


Soluble silica . 


. 2-75 


Alumina .... 


. 3"7o 


Oxide of iron . 


• 3*34 


Carbonate of lime 


. 80-69 


,, magnesia 


. . -56 



The first series of experiments consisted in ascertaining 
the effect of admixtures of various proportions of finely 
ground ragstone upon the tensile strength of four different 
Portland Cements, both when tested neat, and with three 
parts of standard sand, the amount of ragstone added 
varying from 2 to 50 per cent, and the tests extending 
from seven days to twelve months. The results showed 
that although in some instances the neat briquettes were 
slightly improved by the admixture, the 3 to i sand 
briquettes generally showed a diminution in strength, the 
diminution ranging from 6 to 19 per cent, according to the 
amount of the admixture used. It was further found that 
the weakening effect of the ragstone was greatly intensified 
when the briquettes were left entirely in air, and also when 
gauged with and placed in sea water. The effect of an ad- 
mixture of finely ground sand was also tried in one instance, 
and the results suggested that further experiments with that 
substance would be of interest 

A further series of experiments with three other 
cements corroborated the results obtained in the first 
series, viz. that the 3 to l sand briquettes were invariably 
reduced in strength by the ragstone admixture ; that an 
admixture of finely ground sand with cement was practi- 
cally of the same value as an admixture of ragstone ; and 
that by leaving the briquettes entirely in air, and also when 
used with sea water, the prejudicial effect of the ragstone 
was much more marked. Altogether the experiments 
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comprised some two thousand briquettes, and conclusively 
showed that inasmuch as the admixture of Kentish rag 
reduces the adhesive power or cementitious value of the 
cement, it is merely a diluent or adulterant. 

An adulterant, which from personal experience seems to 
be pretty extensively used by certain north of England 
manufacturers, is blast furnace slag, probably owing to its 
being readily obtainable and being something of the same 
colour and appearance as the cement clinker. In the 
absence of any conclusive independent evidence in its 
favour, the author is of opinion that this material is a mere 
diluent or adulterant, inasmuch as by itself it has no cemen- 
titious value. By some it is claimed to be an improvement, 
the fact that slag " meal " mixed with slaked lime produces 
a slag cement, being brought forward as an argument in 
support of this contention ; but inasmuch as Portland 
Cement is an entirely different material to lime, both in its 
chemical composition and the amount of calcination to 
• which it has been subjected, it is difficult to see how any 
parallel can be drawn between them. 

With reference to the means of detecting admixtures of 
these materials, viz. Kentish rag and slag, experience has 
proved that the ordinary tests for tensile strength as a 
general rule fail to indicate their presence, even when in 
considerable quantity. This more especially applies to 
the neat tests of well ground cements ; as is shown in the 
paper above referred to, as much as 30 per cent, of fine 
sand may be added to a cement without appreciably affect- 
ing its strength when gauged neat The 3 to i sand test 
shows a marked diminution in strength when the sample 
contains an appreciable quantity of such inert admixture, 
but this by itself is not sufficient to enable a decided verdict 
to be given as to whether a cement is pure Portland Cement 
or not. Perhaps the most certain means of detecting added 
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impurities is by chemical analysis, though some of the slags 
so nearly approximate the chemical constituents of a normal 
Portland Cement, that by itself a chemical analysis is not 
sufficient to determine their presence with certainty. Taken 
in conjunction with chemical tests, the microscope will be 
found of great value for this purpose ; such means of de- 
tection will be referred to later. 

With regard to Kentish rag, a chemical exan^nation of 
a fairly simple nature is sufficient to detect its presence. 
This substance consisting of a more or less impure carbon- 
♦ ate of lime, effervesces freely on the addition of hydrochloric 
acid, and therefore a cement containing any appreciable 
quantity of it will exhibit similar characteristics according 
to the amount of carbonate present, A convenient method 
is to prepare a weak solution of acid in a glass dish and 
drop the cement into it, a small quantity at a time, from 
the point of a pen-knife ; if the limestone is present in any 
appreciable quantity it will, of course, cause considerable 
effervescence. As, however, all well matured cements 
absorb more or less carbonic acid from the air, care must 
be taken that the effervescence due to the liberation of the 
carbonic acid thus absorbed, is not confounded with that 
due to the presence of ragstone, though a very little expe- 
rience enables the operator to distinguish between the two. 
When Kentish rag is present, the effervescence is more 
prolonged, owing to the acid slowly attacking the coarser 
particles of the limestone, whereas with pure cement, only 
the finest portions or the outside of the coarser particles 
absorb the gas from the air, and the effervescence is therefore 
practically instantaneous. 

Referring to the detection of the slag admixtures by 
chemical means, as before stated, some slags so nearly re- 
semble cement in their chemical composition, that an ordi- 
nary statement of analysis will often fail to demonstrate 



A du Iteration . 273 

their presence. One peculiarity that may be noticed, how- 
ever, is that when dropped into a weak solution of acid, as 
described in the examination for Kentish rag, the mass 
has a tendency to blacken, and also to evolve rather a 
marked quantity of sulphuretted hydrogen gas. As, how- 
ever, a good many cements perfectly free from added slag 
sometimes evolve noticeable quantities of this gas, it must 
be taken as a corroborative test only, and not as conclusive 
by itself. There is also a physical peculiarity which may 
be noticed in many cements containing slag, and that is, 
after being gauged into pats or briquettes in the ordinary 
way, and placed in water as usual, when broken in the 
testing machine or otherwise, the freshly fractured section 
has a peculiar dark green colour, probably owing to the 
presence of sulphur or sulphide in the slag ; this dark 
green colour, however, fades to the normal grey when ex- 
posed to the air for a few hours. 

Taken in conjunction with the usual mechanical and 
chemical tests, the microscope will be found of the greatest 
value in determining the presence of foreign added mate- 
rials in cements ; in fact it is possible in most instances to 
form a pretty accurate opinion from a microscopic exami- 
nation alone, as to whether such admixtures are present in 
any appreciable quantity. For the purposes of a micro- 
scopic examination it will be found mort convenient to 
take the coarser particles of the powder, viz. those particles 
which pass through a 76 sieve, and are retained on a 120 
sieve. The particles of a pure, well-burned cement clinker 
of this size, examined with a low power (say a I -inch 
objective) are dark, almost black in colour, somewhat re- 
sembling coke, and possess the well-known spongy honey- 
combed appearance characteristic of cement clinker. The 
ordinary cement of commerce, unfortunately, does not 
aLways consist of thoroughly burned portions only, a more 

T 
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or less appreciable quantity of insufEcieritly calcined mate- 
rial finding its way into the mills. The appearance of these 
insufficiently calcined particles, examined in the same way, 
is practically the same in shape and structure, but the colour, 
instead of being black and coke-Uke, is of a light brown 
semi-transparent nature, resembling gum arable. The par- 
ticles of an ordinary commercial cement, therefore, com- 
posed of clinker more or less well burned, examined under 




these conditions, range in appearance from a light brown, 
semi-transparent, porous substance to the coke-like mass 
above described. It may be added here that the author 
has always found the shape of these particles, whether 
ground by millstones or ground by edge-runners, of a more 
or less rounded nature, and he is therefore of opinion that, 
although there may be minute differences in the shape 
of the particle, the reason a cement ground by millstones 
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and leaving a certain percentage on a certain sieve always 
has better cementitious qualities than one ground to a 
similar degree of fineness by edge-runner mills, is not so 
much due to difference in shape of grain as is generully 
supposed — in the former case angular and in the latter case 
rounded — but to the fact that the millstones produce a 
greater proportion of impalpable powder or flour. 

The appearance of Kentish rag viewed under the 



^ 




Fig. 79. 

microscope under the foregoing conditions is of a white, 
rounded, semi-transparent nature, and has none of the 
peculiar honeycombed appearance of cement clinker ; it 
will, therefore, be readily understood that its detection by 
means of the microscope is a fairly simple matter. By 
permission of the Society of Engineers, the photo-micro- 
graphs prepared for the paper previously referred to are 
reproduced in Figs, 78 to 83, and they clearly show the 

T 2 
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difference microscopicaHy between pure cements and those 
containing admixtures. Of course, the main defect of 
photography for this purpose is that the colour of the 
object is not reproduced, and from the description previ- 
ously given of the difference in colour of the well-burned 
and underbumed portions, this defect will be readily ap- 
preciated. In all of these photographs the substance has 
been prepared by sifting through the sieves previously 
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mentioned, viz. -^6 and 120, so that the actual diameter of 
the particles is about '006 Of an inch. Fig, 78 is a photo- 
micro of the Kentish rag used in the experiments, and 
Fig. 79 of a piece of well-burned clinker £rom the Rugby 
district. Apart from the difference in structure, one is 
nearly black and the other almost white, as shown. Fig. 80 
is an ordinary cement of commerce, in which, it will be ob- 
served, the underbumed portions show up rather lighter than 



Adulteration. 



277 



the rest. Fig. 8 1 is the same cement as No. 80, with 20 per 
cent, of Kentish ragstone added. The admixture is readily 
recognisable from its white, semi-transparent, rounded ap- 
pearance, in contradistinction to the almost black porous 
clinker. It may be stated here in passing, that in preparing 
these photographs, it was found that if the cement had 
attained any age, the flour or impalpable powder had a 
tendency to become hydrated by the moisture in the atmo- 




sphere and cling to the outer surface of the coarser particles ; 
consequently, when these particles were illuminated for the 
purpose of photography, the adhering flour gave the par- 
ticle a lighter appearance than it really possessed. Fig. 82 
is another cement containing ragstone ; this sample was 
procured from a Arm of manufacturers who use and ad- 
vocate the use of that mixture. In this case, also, ihe 
admixture is readily discernible both by its colour and 



2 78 The Testing of Portland Cement. 

structure. Fig. 83 is a cement containing a large admixture 
of slag. In this particular instance the non-reproduction 
of the colour of the object is a great disadvantage, as the 
colour of the substance, to use a rather juvenile simile, 
resembles more the saccharine toncoction sold by confec- 
tioners as "mixed sweets," than anything else it can be 
compared to ; this is perhaps rather an unwonted metaphor 
for a technical treatise, but it describes exactly its appear- 




ance. It will be noticed also that the fracture of the slag 
is of an angular, almost flaky nature, some of the particles 
having a sharp knife-edge resembling fractured flint 

The two substances here mentioned, viz. Kentish rag 
and slag, are the only wilful admixtures which the author 
has met with so far as regards English manufacturers, 
though there are, of course, what may be termed accidental 
impurities, such as an occasional piece of the fire-brick 
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lining of the kiln, which, maybe, falls in with the clinker, 
and is thus carried to the crusher unnoticed. Where coal 
is used for calcination, there is also another source of acci< 
dental or rather unintentional adulteration, as it sometimes 
happens that a piece of coal becomes embedded in the mass 
of clinker, and probably owing to its being deprived of the 
oxygen necessary for its proper combustion, is not con- 
sumed. When a hard burr of clinker is broken up to be 
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fed into the crushers, a piece of coal may often be seen 
embedded in the heart of it. This coal is, of course, ground 
up with the rest of the cement, and if not visible to the 
naked eye, may often be detected in the ground material 
by means of the method of microscopic examination pre- 
viously described. The amount of coal thus unconsumed 
is, of course, infinitesimal, but it is sometimes sufficient 
to be noticeable in the cement briquette, and cases have 
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occurred in which cement has been rejected by the engineer 
on that account. 

In conclusion, it may be pointed out that from a manu- 
facturer's point of view, the use of slag or other adulterant 
is a double source of profit ; in the first place there is the 
profit derived from the addition of a less valuable material, * 
and secondly it results in an increased output, which conse- 
quently further reduces the cost per ton for establishment 
and other fixed charges. Where the admixture amounts 
to 33 per cent, as is the case at one factory, this latter is by 
no means an inconsiderable item. 
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CHAPTER IX. 

SPECIFICATIONS. 

The author feels that a work of this description would 
scarcely be complete without some reference to cement 
specifications, and in this chapter he proposes to point out 
some of the contradictory clauses which such documents 
sometimes contain : clauses which are no good whatever to 
the user, and unnecessarily hamper and bind the manu- 
facturer. 

The most usual error which the writer of a specification 
makes, is to pick out what he considers to be the most im- 
portant clauses in other specifications and incorporate them 
in his own. The consequence is, that the specification thus 
drawn up is often an absolutely impossible one to work to, 
and one with which no manufacturer could properly comply. 
For instance, it is unanimously admitted that fine grinding is 
a very desirable quality in a cement, and also that a heavy 
weight per bushel indicates a thoroughly burned cement 
These two qualities are therefore demanded in the same 
specification, and a finely ground cement is specified, to- 
gether with a very heavy weight per bushel, the writer 
probably being altogether ignorant of the fact that a finely 
ground cement is of necessity a light weighing one, the 
weight decreasing in direct ratio to the fineness. 

Taking the usual items of a specification in order, in 
the face of the discussion which has lately been raging 
with regard to adulteration, it is perhaps well to specify 
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that the cement shall be pure Portland Cement, but it is a 
little difficult to understand why some users should go 
further, and add that it shall be manufactured on the 
Thames or Medway. Personal experience has shown that 
equally good cement is manufactured at some of the fac- 
tories in other parts of England as at those on the Thames 
and Medway, and unless there is some special reason for 
inserting such a clause, surely it cannot matter where it is 
manufactured, so long as it is of good quality and complies 
with the conditions imposed by the specification. 

With reference to fineness, again, contradictory clauses 
often occur. For instance, a specification lately came 
before the author in which 6\ per cent, was allowed on a 
50 X 50 mesh sieve, but there was to be no residue on 
a 40 X 40. The writer of this specification probably did 
not realise the fact that with a residue of 6J per cent, on a 
50 sieve, the residue on a 40 would certainly be as much as 
5 per cent., and therefore in order to get the sample to all 
pass a 40 sieve, it had to be ground to leave less than one 
per cent, on a 50 ; the clause specifying the residue on a 50 
sieve might have been omitted altogether without in any 
way detracting from the value of the specification. Unless 
the very finest sieve is used, such as the 180 x 180, the 
author is far from recommending that the fineness indicated 
by one sieve only should be taken, as that might lead to 
erroneous conclusions as to the actual fineness of the 
sample. For instance, two cements may leave the same 
amount of residue on a 50 or other comparatively coarse 
sieve, and yet one may contain the proper proportion of im- 
palpable powder or flour, and the other practically consist 
of nothing but fine grit The two following cements, both 
of which were recently received from the same user for ex- 
amination and report, may be quoted as an instance of how 
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delusive the residue on a 50 sieve only may be as to their 
relative value : — 



Fiaene^. 



— Residue per cent, on Sieves of 
Meshes per Square Inch. 



Tensile Strength. 



Neat Cement 



50 



76 



100 , 180 7 Days 



No. I 6'o 23*0 33*9 , S^'o 
No. 2 5*6 .15*6 24*6 ' 34-0 



lbs. 

576 



28 Days 



lbs. 
648 



693 i 766 



3 Parts Sand to 
I part Cement. 



7 Days 



lbs. 
138 

223 



28 Days 

lbs. 
192 

28s 



It will be noticed that both cements have practically the 
same residue on a 50 sieve, and yet 50 per cent of No. i 
consists of fine grit that will not pass a 180 sieve. The 
immense difference between the residue on the 50 and 76 
sieves also suggests that the clinker was reduced by edge- 
runners or a similar method of grinding, in conjunction with 
excessive sieving, i.e. repeatedly passed under the edge- 
runners and cracked until fine enough to pass (say) a 40 sieve, 
thus producing little or no flour. No. i again shows a very 
satisfactory tensile strain when gauged neat, yet, owing to 
absence of flour, its cementitious value or power of cement- 
ing together particles of sand, as indicated by the sand test, 
is entirely disproportionate to its power of cohesion as in- 
dicated by the tensile strength of the neat briquettes. No. i 
also possessed the peculiar harsh, " short " and gritty feeling 
under the trowel which is always an indication of an in- 
differently ground cement, or rather one containing very 
little flour. 

As has been noticed in the chapter on fineness, the thick- 
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ness of the wire of which the gauze is composed, naturally 
affects the size of the openings of the mesh. A specifica- 
tion for important harbour work in the North contains the 
following clause : " The sieves to be made of brass wire, 
'005 inch in diameter for the 50 sieve, and '007 inch in 
diameter for the j6 sieve." This may be a very. simple 
method of specifying the thickness of the wire, but to have 
thicker wire for the finer sieve is entirely reversing the usual 
order of things, and altogether contrary to common sense. 
By this specification the width of the opening of the mesh 
of the ^6 sieve is reduced to about '006 of an inch, instead 
of about '008, as in the sieve of standard mesh. This would 
make an enormous difference in the result obtained, the size 
of such opening being practically the same as that of the 
100 sieve of standard thickness of wire ; and consequently 
the material would have to be ground considerably finer 
than appears necessary from a casual examination of the 
clause. 

In most specifications the initial set of the cement is 
ignored altogether, and as the initial set is by far the more 
important of the two, this omission is very much to be re- 
gretted. While duly appreciating the advantage of having 
some knowledge as to the ultimate hardening properties of 
a cement, surely it is of as much importance to know when it 
commences to set, so that an opinion may be formed as to 
how long it may be manipulated without risk of damage to 
its setting properties. So far as regards setting properties, the 
most convenient cement for general use, is one which has 
a moderately slow initial set, so as to allow plenty of time 
for proper manipulation, and which hardens rapidly after the 
mass is in its allotted position, so as to permit of the work 
being proceeded with quickly. Specifications are sometimes 
met with which require that the cement shall not take less 
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than so many hours to set hard, which is a manifest absurdity ; 
so long as the initial set is sufficiently slow to permit of the 
proper manipulation of the cement, th6 quicker the final 
hardening, the better for the progress of the work. An 
instance was brought to the author's notice in which a 
cement was being used in a tropical climate, and conse- 
quently its initial set was thereby considerably quickened. 
Complaint of its quick-setting nature was made to the 
authorities at home, and as the only clause in the specifica- 
tion was to the effect that the cement should not set hard 
in less than so many hours, particular attention was paid 
to that test ; the result was that although in many instances 
the initial set was slow enough for all reasonable purposes, 
the inspector rejected several parcels at the manufacturer's 
works and would not authorise their shipment on account of 
the cement having too quick a final set, which was of course 
altogether beside the question. If its initial set had been 
too quick, its rejection would have been proper and reason- 
able, but to reject it on account of its having too quick 
a final set seems the height of absurdity. In specifying the 
time of set, it is also advisable to mention the temperature 
at which the test shall be made, for, as shown by the table 
on page 225, the setting of cement is largely affected by 
climatic influences. Except in ^he specifications drafted 
by the late Henry Faija, the time of initial set is very rarely 
specified, the usual vague wording being that " it shall not 

set in less than hours nor take more than hours 

to set." 

The following clause in a specification lately put for- 
ward may be quoted as an instance of the delightfully 
vague manner in which the setting properties are sometimes 
specified. " Setting properties. — Pats freshly made will be 
tested with weight of one pound pressing on an area of 
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cement equal to that of a circle ^ inch in diameter ; should 
no impression be made upon the surface the cement will 
be accepted." It will be noted that there is absolutely 
no time indicated as to how long after gauging the test is 
to be applied ; ** a freshly made pat " is an extremely elastic 
term, and might reasonably be construed to mean anything 
from ten minutes to ten hours. Such a clause is of course 
utterly useless, and it is a little difficult to understand what 
the writer of the specification really intended to convey. Of 
course, in large works, where the cement can be properly 
stored and matured before use, the clause as to initial set 
is of no particular importance, as the setting properties may 
be modified to any desired extent by prolonged aeration. 

With reference to soundness, the Faija test is very gene- 
rally specified, and no better or surer means of estimating 
this all-important property is in use. As before stated, the 
usual cold-water tests are not sufficiently reliable, to say 
nothing of the time requisite to carry them out, while, on 
the other hand, the Deval and similar tests err on the side 
of severity. The author recently had to test a shipment 
of cement for important work abroad, in the specification 
for which the following clause occurred with reference to 
soundness : — 

" Three pats to be made of neat cement, two or three 
inches in diameter and about half an inch thick in the centre, 
and with very thin edges. 

" I. Pat, when set perfectly hard and placed in cold 
water, should adhere to the glass and show no cracks or 
distortion. 

" 2. Pat, allowed to set hard for three hours in a moist 
air at 200° F., and then placed in boiling water for twenty- 
four to forty-eight hours, should adhere to the glass, and 
show no cracks or distortion. 
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" 3. Pat, left in air, should adhere to the glass and show 
no cracks or distortion, and be of a uniform bluish-grey 
colour." 

In addition to the above, the tensile strain demanded 
was very low— only 300 lbs. per square inch at seven days. 
Such a specification really asks for a weak, overclayed 
cement, and the manufacturers had to prepare a cement 
specially low in lime to enable it to pass the excessively 
severe boiling test. By so doing they experienced some 
difficulty in obtaining the specified " uniform bluish-grey 
colour," the comparative excess of clay having a tendency 
to render the cement somewhat brown and ** foxy." 

In the clause relating to tests for tensile strength it is often 
specified that a certain amount of water shall be used for 
gauging, but this is not a wise proviso to make, inasmuch as 
the quantity required for properly gauging cement, varies 
with almost every sample. One cement may require as 
much as 24 per cent, while another would be absolutely 
drowned by using 18 per cent. In every case the minimum 
of water necessary to bring the cement to a plastic mass 
should be used, and the specification should therefore be 
worded accordingly. A rather amusing case occurred 
a short time ago, in which 10 per cent, of water was 
specified for gauging neat briquettes. Evidently the writer 
of the specification had read somewhere that 10 per cent, 
was the amount used for making briquettes, but he had 
altogether omitted to notice that they were composed of 
three parts of sand to one part of cement The result 
was that the neat cement with only 10 per cent of water 
was scarcely damped, and as it consequently did not flux 
properly into the moulds, the greater part of the usual 
amount required to fill the moulds could not be got into 
them. Briquettes gauged with a sufficiency of water, viz. 
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20 • 1 3 per cent, carried just double the strain of those which 
were starved, so to speak, for want of water. 

Specifications are sometimes met with which are de- 
cidedly ambiguous as to the time which is to elapse between 
the gauging of the briquettes and their immersion in water. 
The following or a similar clause is frequently to be met with : 
"Neat briquettes, after being kept in water seven days, 

shall carry at least lbs. per square inch," This might 

be construed to mean that the briquettes are to be placed 
in water immediately after gauging and before they are set ; 
if kept in air for twenty-four hours, as usual, before being 
placed in water, it would become an eight days' test, viz. 
one day in air and seven days in water. 

A somewhat similar clause is the following, which speci- 
fies : " That the cement must be capable of maintaining a 

breaking weight of not less than lbs. per square inch 

seven days after being made in a brass mould and immersed 
in water during the interval of seven days." This clause 
evidently intends the briquettes to be plunged in water 
immediately after gauging, but it is decidedly ambiguous, 
and might be construed into seven days in water after the 
usual interval of twenty-four hours in air, i.e. an eight days* 
test altogether. As this would of course give the cement 
a longer time to harden, it is the construction the manufac- 
turer would probably prefer to put upon it. 

The following is a clause of a similar ambiguous nature ; 
as the cement in question was for shipment to Mexico, it 
is probably a translation from the Spanish, the translator 
evidently not being familar with the usual technical terms. 
"The briquettes formed from this cement taken indis- 
criminately from different barrels, soaked in water as soon 
as they may have attained a sufficient consistence, shall 
resist at the end of seven days of soaking a minimum ten- 
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sile strain of lbs. per square inch." This also might be 

construed into an eight days' test, but at all events it involves 
more than the usual seven days from the time of gauging, 
everything depending upon how long the cement takes to 
" obtain a sufficient consistence " to bear " soaking." The 
obvious way to avoid such ambiguity is to state plainly 
that " briquettes placed in water twenty-four hours after 
gauging shall carry an average tensile strain of not less 

than lbs. at the expiration of days from the time of 

gauging." It is also important that the briquettes should be 
tested immediately after being taken out of the water, or 
at all events within a very short time ; if they are left to air- 
dry too long the breaking strain will be materially reduced 
The specification of a well known engineer contains a clause 
to the effect that the briquettes shall be placed in water 
twenty-four hours after gauging, left there for six days, 
and then taken out and allowed to air-dry for a further 
two days before being tested, i.e. nine days altogether 
from the date of gauging. As the result of recent experi- 
ment, the author found that cement treated in this manner 
would only carry 289 lbs. per square inch, whereas when 
tested at the expiration of the seventh day, immediately 
after being taken out of the water, the strain developed 
was 521 lbs. 

The matter of increase in strength between the different 
dates of testing is a most important feature, and the author 
quite agrees with those users who make a point of speci- 
fying a certain increase or percentage of increase.* In this 
matter, however, it is possible to defeat the object of the 
specification, as occurred in a certain instance. In order to 
ensure that the cement should possess a good growing 
power or increase in strength with age, a maximum strain 
at three days and a minimum at seven days was specified, 

u 
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but the three-day maximum was so low that the cement 
had to be artificially weakened in order to comply with the 
specification. The same object would have been attained 
and an infinitely better cement secured if the minimum at 
each date had been specified, with a minimum percentage 
of increase between those dates. 

The following is an instance of how slight an omis- 
sion may altogether nullify the intention of a specification. 
The cement for some important work in the Colonies was 
to be inspected previous to shipment, and to ensure its 
being thoroughly aerated before being packed, the specifica- 
tion contained a clause to the effect that the bulk was to 
be turned over twice before shipment, the evident intention 
of the writer of the specification being that at least two 
or three days should elapse between each turning. No 
mention, however, of such an interval was made in the 
specification, and therefore when the manufacturers were 
pressed for shipment, they simply had the bulk turned 
over twice within a few hours and packed up at once. 
It had been turned over according to the terms of the 
specification ! 

While fully appreciating the fact that special require- 
ments necessitate special specifications, the following form 
of specification is submitted as one which is fairly simple, 
which would ensure the delivery of a good sound cement 
suitable for almost every purpose, and which no first-rate 
manufacturer would object to work to : — 
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Standard Specification for General Purposes. 

The whole of the cement shall be pure Portland Cement, and 
shall conform to the following tests : — 

Fineness of Grinding. — To be sach that when sifted through a 
standard siere having 50 holes per lineal inch, there shall not be 
more than two per cent (2 %) by weight of residue ; when sifted 
through a sieve having 76 holes per lineal inch, there shall not be 
more than seven per cent. (7 %) of residue ; and when sifted through 
a sieve having 100 holes per lineal inch, there shall not be more 
than fifteen per cent (15 %) of residue. 

Time of Set. — ^A pat of neat cement gauged with the minimum 
of water at the normal temperature (60° F.) and placed on a glass 
or other non-porous slab, shall not commence to set in less than 
eight minutes, or take longer than five hours to set hard. 

Soundness^ or freedom from expansion and contraction. — ^A pat 
submitted to moist heat and warm water in the Faija apparatus 
for soundness at the usual temperatures, viz. 105^ and 115^ F. 
respectively, shall show no cracks or signs of expansion after 
twenty-four hours. 

Tensile Strength, — Briquettes of neat cement, gauged with the 
minimum of water on a non-porous bed and placed in water 
twenty-four hours after gauging, shall carry an average tensile 
strain of not less than 320 lbs. per square inch after three days, 
400 lbs. after seven days, and 500 lbs. after twenty-eight days 
firom the time of gauging. 

Briquettes composed of three parts of standard sand to one 
part of cement, by weight, treated as above, shall cany an average 
tensile strain of not less than 120 lbs. per square inch at seven 
days, and 200 lbs. at twenty-eight days from the time of gauging ; 
but no matter how much greater strength may be developed at the 
earlier dates, both neat and sand briquettes must develop an 
increase of at least 50 lbs. between each date. 

U 2 
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The German standard rules for the uniform delivery 
and testing of Portland Cement are given in the Appendix. 
The French Government has no standard specification, 
each Department of the State framing rules for the delivery 
of cement suitable for its requirements. With minor 
modifications^ the specification generally adopted is that 
of the Services des Ports, Phares, et Balises du Department 
du Pas de Calais, and this specification will also be found 
in the Appendix. 



USE OF PORTLAND CEMENT. 



The uses to which Portland Cement may be applied are 
so numerous that their enumeration would be tedious. The 
author, therefore, in this part of the work proposes only to 
glance at them in passing, and to point out some of the 
chief causes which give rise to unsatisfactory work when 
executed with that material. 

The principal characteristic which renders Portland 
Cement such a valuable material to the engineer and those 
in charge of constructive work, is its hydraulic property 
or power of setting and hardening under water, or what 
Pasley in his day would have called its property as a 
" water cement" This property, in combination with its 
great strength, renders it an invaluable material for dock 
and harbour construction, and many fine examples may be 
found around our coasts of its employment for work of this 
description. 

The first care of a user of cement should be to ascer- 
tain that it is not too new or fresh for immediate use. It 
is impossible for the manufacturer of a large output to pro- 
vide sufficient warehouse room to thoroughly mature the 
whole of his product The initial cost of such a structure 
would entail a heavy outlay, and to cover the first cost of 
this would result in a greatly increased price to the con- 
sumer. Theoretically, of course, Portland Cement should 
be ready for use immediately after it leaves the millstones, 
or whatever comminuting machinery may have been used 
for its final reduction, and although in some cases it may be 
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perfectly safe to use cement under those conditions, as a 
general rule it will be found advisable in all work of im- 
portance to thoroughly mature it before use. By thus 
maturing, any chance particles of free or loosely combined 
lime which the cement may contain, have an opportunity 
of becoming hydrated or air-slaked, and thus purging 
themselves of their obnoxious properties. 

On large and important works, engineers who have had 
considerable experience in the use of cement, often take 




Fig. 84. 

special precautions to ensure the cement being thoroughly 
matured before use, and in such cases special stores and 
maturing sheds are erected for that purpose. Fig. 84 shows 
a very ingenious contrivance adopted by Mr. G. F. Deacon 
for maturing the cement used in the construction of the 
Vymwy masonry dam for the Liverpool Water Works,* 
The working of this method of aeration he describes as 
follows : — 

* 'Proceedings, Institution of Civil Engineers/ vol. cxxvi. p. 44. 
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" Most of the area of the cement warehouse was occu- 
pied by ^x tiers of shelves 2 feet apart, consisting of i o-inch 
boards, shown on a larger scale at Fig, 85, lying loosely 
across timber joists and stiffened with cross battens. On 
the upper floor between the shelves was a high-level narrow- 
gauge tramway,uponwhich the sacks of cement were brought 




Fig. 85. 

in on trucks. From the trucks the cement was discharged 
into bins, and from these it was shovelled through side 
openings over the upper tier of loose boards to a thickness 
of 3 inches or 6 inches. One or two days later, two men 
passed respectively along the two ends of each set of 
boards, shown in Fig. 85, and tipped them up one by one. 
The cement then lay very lightly on the next lower tier. 
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from which it was similarly tipped to the next, arriving on 
the lowest floor after six very complete turnings and con- 
tinuous exposure in thin layers during one to three or more 
weeks as might be found desirable." 

In the use of such a method of maturing as this, care 
would have to be exercised during damp weather against 
damage from over exposure, as if the cement were exposed 
too long to an atmosphere laden with moisture, the exposed 
portions of the mass would become coagulated, or what is 
known as air-set, by which a great part of its vitality would 
be lost The author was recently informed by an engineer 
who had used Mr. Deacon's method, that he found the 
cement in some cases had become greatly deteriorated on 
this account ; but if proper care is exercised there is no 
doubt that an improved cement would be obtained ; and if 
similar precautions as to thorough aeration were always 
taken, failures in cement work would rarely be heard of. 

Another effect of aeration or exposure of cement is to 
render it slower setting, and this sometimes produces an 
important improvement. Some cements, more especially 
the very finely ground ones, are extremely quick setting 
when first received from the manufacturer, in fact, so much 
so, that if used immediately, they would commence to set 
before manipulation could be completed, thuis causing an 
inferior result By judicious maturing, part of the alu- 
minate of lime, which is responsible for the setting of 
cement, becomes hydrated by the moisture in the atmo- 
sphere, and thus its setting properties are correspondingly 
modified. It is sometimes stated that cement sets less 
quickly when mixed with aggregate than when gauged 
neat, but personal observation proves that this is often 
more apparent than real, particularly with a very finely 
ground cement ; it has generally been found that a mortar 
composed of 3 parts of s^nd J:o i part of cement really com- 
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mences to set in practically the same time as a neat cement. 
This remark of course applies only to the use of dry sand 
and aggregate. If, as is very often the case, the sand or 
aggregate is wet or moist when mixed with the cement, it 
is very probable that, owing to the great avidity which 
cement has for water, it will absorb some of the moisture 
from the sand during the usual preliminary operation of 
turning dry, and thus become partially hydrated and lose 
some of the vigour of its setting properties. 

In addition to the other advantages of thorough ma- 
turing and aeration, it will be found that the cement 
increases considerably in bulk, owing to the absorption of 
moisture and carbonic acid from the atmosphere. In the 
course of a recent discussion on the subject, a well-known 
harbour engineer stated that, from experiments he had 
made, the increase of bulk due to aeration resulting from 
six turnings amounted to as much as 6 per cent. As 
the proportions of cement and aggregate are generally de- 
termined by measure, this would be an important item 
to a contractor, and would more than repay the cost of 
turning. 

In order to secure first-class work, the user cannot be too 
particular in his selection of aggregates, more than one case 
of unsatisfactory work being traceable directly to the use 
of a dirty, ill-proportioned aggregate. Loam or dirt is the 
greatest enemy of cement, and a very small quantity of 
loamy matter adhering to the aggregate is sufficient to 
materially weaken the concrete. The extreme care which 
is exercised by all makers of concrete paving slabs and 
other purpose made goods, to thoroughly wash their ag- 
gregate, not only to remove all loam or dirt, but also the 
fine dust produced from the crushing of the stone, may 
be instanced in strong corroboration of this view. In ad- 
dition to permanently weakening the mass, the presence 
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of loam also renders the cement perceptibly slower setting, 
so much so as often to be a serious disadvantage. 

The weakening effect upon concrete of the fine dust 
resulting from the crushing of the stone, was recently 
brought prominently into notice in the author's testing 
room while examining the comparative value as a matrix, 
of good sharp sand, and fine limestone screenings, viz. 
that which passed through a |-inch square mesh. The 
sand was remarkably clean, only containing 0*2 per cent, 
of loamy matter removable by washing. The limestone 
screenings, on the other hand, were found to lose 20 per 
cent of fine dusty matter, and when wetted before washing, 
had a very muddy appearance. Comparative tests for 
tensile strength were made of each of the washed and 
unwashed materials, mixed in the proportion of 3 parts of 
sand or screenings to i part of cement. The results were 
as follows, the average of five briquettes of I -inch section 
being given in each case : — 

Limestone J Unwashed 
IWashed 

Sand .. J Unwashed 
IWashed 

It will be seen that the strength of the mortar at 
twenty-one days was improved as much as 55 per cent 
by removing the fine dusty matter, and, moreover, that 
the washed stone makes a great deal stronger mortar than 
the sand, a result that is probably due to the fact that the 
former, when crushed, broke up into flat jagged fragments, 
which afforded a better " tooth " for the cement than the 
sand, though the latter was a good sharp, fairly coarse sand, 
of decidedly above average quality. 

The best aggregate is that which is sharp and angular, 
and has a rough surface, forming a tooth or key for the 
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cement to adhere to. Sea shingle, from the smooth 
rounded nature of its pebbles, although often used, is not 
an ideal aggregate; the cement having nothing but a 
smooth round surface to adhere to, cannot exercise the 
same adhesive power as when the aggregate has a rough 
surface such as ragged broken stone. The size of the aggre- 
gate, if of broken stone, may vary according to the size of 
the work of which it forms a part, but it should all pass a 
3-inch ring, and the greater part of it should pass a ij^inch 
ring, according to the size of the sand or gravel that is to 
be used with it In large' monolithic masses such as dock 
walls, it will be found economical to incorporate lai^e 
pieces of stone or '* displacers," as they are generally 
called ; if these displacers are kept a suf&cient distance 
apart, say 18 inches at least, the strength of the structure 
will not be affected. The essential feature of all concrete, 
is that each portion of the aggregate should be thoroughly 
and equally surrounded by a coating of the cement or 
matrix, as it is evident that if two pieces of aggregate 
are in contact, without such intervening coating of matrix^ 
the mass must be thereby weakened In the same way, 
by properly proportioning the size of the aggregate, the 
cement will be able to do more work than if all fine ag- 
gregate is used, for it is very evident that the larger the 
size of the ^gregate, within limits, the less the external 
area of such aggregate to be covered with a coating of 
cement or mortar. In the same way the use of a very 
fine sand weakens the cementing power of a cement, for, as 
previously stated, the smaller the particles, the greater the 
external area within a given space that has to be covered by 
the cement A case of failure, traceable partly to that cause, 
occurred a year or two ago. The sand in this instance was 
so fine that 80 per cent passed through a 50 sieve, and 
60 per cent, passed through a ^6 sieve ; in addition to this. 
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it contained a considerable amount of earthy matter, so that 
it is not surprising that the results were unsatisfactory. 

For water-tight concrete it is important that the size of 
the aggregates should be so proportioned that the whole of 
the interstitial space between them is filled up with the sand 
and cement mortar, as the more porous the concrete, the 
less likely it is to prove watertight. The usual method of 
ascertaining the interstitial space of any given aggregate is 
to fill a box of given capacity with it, pour in water until 
level with the top, and then draw off and measure the 
water necessary to fill the spaces. Recent experiments by 
the author in this direction with crushed limestone of 
various sizes gave the following results : — 

Interstitial space 
percent 

Passed 3-in. ring and retained on ij^in. ring 51 '32 
V li-in. „ „ }-in. „ 48-54 

„ fin. „ „ f-in. „ 43 '^i 

When the stone was crushed in an ordinary Blake stone 
breaker, the average quantity of the largest size was found 
to be 24*529 per cent, of the medium size 45*858 per 
cent, and of the smallest size 18 '893 per cent, the re- 
maining 10*72 per cent consisting of fine crushings and 
dust Taking the average of the three sizes so as to be on 
the safe side, the interstitial space is 47 • 8 per cent, which 
means that, in order to fill the interstices of crushed stone 
of such size, 47*8 per cent, of its bulk of mortar would be 
required. Allowing, according to Mr. Sandeman,* another 
10 per cent, so as to ensure each piece of stone being sur- 
rounded with mortar, the amount required would be 57*8 
per cent According to the same authority, the volume of 
dry sand and cement necessary to produce a given volume 
of cement mortar, is about \ greater than the volume of 

* * Proceedings, Inst Civil Engineers,' vol. cxxi. page 219. 
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mortar when set Therefore 57*8+ -^ — = 77 per cent of 

its volume of dry cement and sand, would be necessary in 
order to produce a watertight concrete with these materials. 
It is hardly necessary to add that the strength of the 
mortar governs the strength of the concrete, and therefore 
the less sand used the stronger will be the concrete, pro- 
vided sufficient mortar is used to fill the interstices. With 
cement of ordinary fineness, Mr. Sandemann advocates not 
more than 2 of sand to i of cement ; therefore the above 
77 per cent, of dry cement and sand should consist of 51 * 3 
per cent of sand and 25 '7 per cent of cement With the 
materials before mentioned this would give a proportion of 
100, 51 '3 and 25*7, or approximately 4 of broken stone, 2 
of sand and i of cement In this way the most economical 
proportions of any given materials, compatible with strength, 
may be ascertained, and it is hardly necessary to add that 
once the correct proportions have been ascertained, the 
quantity of each should be carefully measured in suitable 
gauges provided for that purpose. 

The amount of water to be used in mixing concrete 
depends entirely upon circumstances, and no hard-and-fast 
rule can be laid down on this point As a general rule, 
however, excess of water is preferable to an insufficiency. 
Following out the teaching of testing-room experience, the 
minimum of water gives the best results, but of course the 
conditions which exist on the works and those which obtain 
in the testing room are often widely different For instance, 
in the testing room, a non-porous mould on a non-porous 
bed is used, and great care is taken that none of the water 
used for gauging is abstracted from the cement by any 
external agencies. In actual work the concrete may have 
to be laid in a trench on a porous soil through which some 
of the water would soak away, or the aggregate may be of a 
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porous nature, and thus again some of the water required 
by the cement would be extracted. Further, the less water 
used, the quicker the cement would set, and if a quick-setting 
cement was being employed, there might be some danger 
of the paucity of water rendering it too quick setting to be 
thoroughly and properly manipulated. Where, however, 
none of these conditions prevail, and there is no fear of any 
of the water being absorbed by extraneous means, there is 
no doubt that the minimum of water gives the best results. 
That point is reached when by ramming and punning the 
mass, the water just shows on the surface, indicating that 
exactly sufficient has been used to lubricate, so to speak, 
the constituents of the concrete, and enable them to flux 
down together into a compact mass. If more than this 
amount is used it will be impossible to obtain such a solid 
concrete, owing to the space occupied by the excess of in- 
compressible water, while, on the other hand, if less is used, 
the mass will not flux properly, and will thus be rendered 
porous. Of the two extremes an excess of water is prefer- 
able, as less likely to lead to dangerous consequences. 

A matter that is scarcely recognised sufficiently among 
users of cement is the eflect of temperature and exposure 
to weather upon the setting of cement concrete. As has 
been pointed out in a previous chapter, the setting of cement 
is a process of crystallisation, and, like most processes of a 
similar character, is accelerated by heat and retarded by 
cold. In very cold weather, therefore, the concrete cannot 
be expected to set so rapidly as when exposed to a higher 
temperature, and vice versd. Several instances of dis- 
satisfaction through want of recognition of this fact have 
occurred. To give an example, a short time back some 
concrete forming the foundation for wood paving was laid 
during a cold snap in October. Of course under these 
conditions it did not set so rapidly as during the milder 
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weather immediately preceding, and the result was, that, 
as the roadway was urgently wanted for the purposes of 
traffic, the concrete was condemned, and the whole of the 
mass had to be pulled up and laid with a quicker setting 
cement A piece of the condemned concrete exposed to 
a temperature of 60®, was perfectly hard set in a couple 
of days. In addition to the low temperature prevailing at 
the time, there was also rather a heavy rainfall, which kept 
the work continually wet, and, as cement sets more slowly 
under water than in air, tended in no small degree to further 
retard the hardening of the concrete — a fact that was proved 
by those portions which were laid in dry weather being 
considerably harder than those laid during continual rain. 

The view% above expressed as to the practical effect 
of temperature upon the setting of cement have since 
been amply confirmed by Mr. A. E. Carey, an engineer of 
wide experience with cement as applied to breakwater and 
harbour work. In his paper on " Concrete in Relation to 
Marine Works," read before the engineering conference of 
the Institution of Civil Engineers in May 1897, he says : — 

" The effect of a low sea temperature is a subject which 
has not hitherto received the notice its importance merits. 
The author had seven winters' experience at Newhaven, 
that of i88o~8i being unusually severe ; but in carrying 
on the harbour works now in progress at Hastings (only 
about 25 miles distant) the experience of last winter 
raised novel issues in this particular. The breakwaters at 
Hastings are being wholly constructed in mass concrete, 
and commencing in October last, the setting became so 
extremely slow that work on the foundation reef was liable 
to be ploughed up by a moderate sea sometimes days after 
deposit. The specification is a severe one, and the greatest 
care was taken in testing. Up to this time nothing of the 
kind had occurred, and the season was open and normal. 
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Cubes of concrete were then made with, and immersed in, 
sea-water in the open, the cement being taken from five of 
the best makers. All gave pretty much the same results, 
the cement failing to set for days. The retardation of the 
setting was ultimately clearly traced to the extremely low 
temperature of the sea, due, doubtless, to the predominance 
of cold currents flowing down from the North Sea. The sea 
temperature varied in January last from 37® F. to 38® F. ; 
February 37' S"" F to 40^ F. ; March 31 • 5^ F. to 43^ F., and 
in April 43° F. to 49^ F. 

" At Newhaven probably the warmer currents from the 
Atlantic set up a different set of winter conditions. Obser- 
vations of the sea temperature as long continued as possible, 
and some elasticity in the specification, are l^o important 
matters where extreme seasonal variations may obtain. A 
very heavily burned cement is unsuited to winter work 
under rigorous conditions of temperature." 

Of course in this instance the setting would be still 
further retarded by the salts in the sea water, for, as pre- 
viously mentioned, Portland Cement sets much slower in 
sea water than in fresh, though its ultimate strength is quite 
as great, or greater. 

If a freshly gauged concrete is exposed to frost while 
it still contains uncombined water, the natural consequence 
is that the water freezes and expands, and causes the dis- 
integration of the mass. The author once had occasion 
to investigate a case of failure of this sort in which freez- 
ing was undoubtedly the cause of the mischief, as when 
the frost broke, exactly the same materials were used for 
the work with perfectly satisfactory results. A corre- 
spondent, writing on this subject from Ontario, remarks : 
" I have successfully built works of Portland Cement con- 
crete and mortar in this climate in the middle of winter, the- 
thermometer ranging from + 39° to - 20° R, and the work 
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is in excellent shape. I used hot water to the heated sand 
and added a lot of salt ; the water was practically hot brine. 
In the following spring, and for some years afterwards, a white 
efflorescence appeared, but its only effect is to appear some- 
what unsightly." In England, of course, we do not experience 
such extremes of temperature as those above described ; 
but it is the general rule to protect newly laid concrete or 
mortar from the effects of frost, and during very severe 
weather to discontinue work altogether. The use of a large 
quantity of salt, as above described, would have the double 
effect of retarding the setting of the cement and preventing 
the freezing of the water, and it is only to be expected that 
its presence would cause a considerable efflorescence on the 
face of the work. 

A high atmospheric temperature, on the other hand, 
greatly accelerates the setting of cement, and allowances 
should therefore be made in this respect, during very hot 
weather or in tropical climates. It is hardly necessary to 
add that if cement work is exposed to a hot summer sun, 
especially in very thin coats such as external wall plastering, 
there is great danger of the water necessary for the proper 
setting and hardening of the cement being evaporated, and 
unsatisfactory results ensuing. In work of this sort it is 
absolutely essential that the wall or surface to be plastered 
should be thoroughly wetted before the plaster is applied, 
otherwise the water necessary for the proper hardening of 
the cement will be extracted, and unsatisfactory work will 
result 

Another frequent cause of indifferent work is insufficient 
attention to the setting properties of the cement under treat- 
ment As has been pointed out previously, the setting of 
cement is a crystallising process, and when the crystals 
commence to interlock, the fluidity or mobility of the mass is 
arrested. With quick-setting cements especially, this period 

x 
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is very marked, and it is very evident that if a concrete or 
mortar is manipulated and worked after this stage has been 
reached, the bedding or interlocking of the crystals will be 
broken up, and the strength of the mass materially weakened, 
the damage done depending on the setting properties of the 
cement, and on how far setting has progressed before it is 
finally left at rest. 

In a paper read before the Institution of Civil Engineers, 
in 1887, on " Concrete Work Under Water," * the late Mr. W. 
R. Kinniple advocated the use of what he termed '' plastic 
concrete " for such work. The plastic concrete was prepared 
by mixing the concrete on shore and allowing it to partially 
set before depositing it under water, by which means it was 
claimed that in places where a current existed, there was 
less chance of the cement being washed away from the 
aggregate. Mr. Kinniple also claimed that by this means 
the cement lost but little of its original strength, and by 
adopting this method, the excessive proportion of cement 
otherwise required to allow for that washed away was 
avoided. Experiments were quoted showing "that 3i to i 
concrete after setting out of water for eighteen hours, and 
then rammed into moulds, will form a monolithic mass when 
afterwards placed in water ; but that the strength of this 
mass will very much depend upon the time allowed for set- 
ting before deposition. If only eight hours elapse between 
mixing and deposition there is practically no reduction in 
strength ; but with a longer interval the strength is gradu- 
ally reduced, until at about eighteen hours it is little more 
than half." It is needless to remark that the setting proper- 
ties of the cement would entirely govern the time allowed to 
set before deposition ; a moderately quick-setting cement 
such as is often used now for sea-water work would be 
absolutely ruined if broken up after being allowed to set 

* ' Minutes of Proceedings Inst. C.E.,' vol. Ixxvii., pp. 65, &c. 
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for eight hours, while a very slow setting one might be left 
for eighteen hours without detriment, especially in cold 
weather, when the setting would be still further retarded 
by low temperature. 

This subject was subsequently dealt with in a paper by 
the late Henry Faija, " On the Effect of Sea Water on Port- 
land Cement " * He preferred to designate Mr. Kinniple's 
concrete as "reset" concrete instead of plastic concrete. 
He stated that a " reset " concrete, to be of value, must be 
made with a slow-setting cement, and it must be broken 
up and placed or rammed in situ at a particular period 
during its progress of setting. If this is delayed too long, 
the " reset " concrete will never attain that hardness which 
it would under proper conditions. His experience of reset 
cements was that the breaking up of the mass and the re- 
gauging should be done at the moment when, by ramming, 
the original water of gauging can be brought to the surface, 
and that if that time was exceeded, and the concrete, 
aftef being broken up and rammed, remained dry, then the 
result obtained was not satisfactor}', and the cement in this 
condition would undoubtedly be subject to the dissolving 
action of the sea on the lime. The following experiments 
made by him with " reset " cements confirmed that view : — 



No. I. — ^A Cement that Set in One Hour, Neat Cement. 
(Second gauging, 45 minutes after the first) 



Tenrile Strengtli at 


7 Days. 


28 Days. 


3 Months. 


6 Months. 


9 Months. 




lbs. 


lbs. 






First gauging . 


482 


596 


• • 


• • 


• • 


Second gauging. 


414 


550 


• a 


• • 


• • 




♦ • Society of Engineers,' 1888. 
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No. 2.* — A Cement that Set in Two Hours, Neat 

Cement. 

(Second gauging, 20 minutes after the first) 



Tensile Strength at 


7 Days. 


28 Days. 


3 Months. 


6 Months. 


9 Months. 


First gauging « 
Second gauging. 


lbs. 
578 

t465 


lbs. 
682 

t568 


• • 


• • 

• • 


• • 



No. 3.* — The Same Cement Gauged with Three Parts 

OF Standard Sand. 

(Second gauging, 45 minutes after the first) 



Tensile Strength at 


7 Days. 


28 Days. 


3 Months. 


6 Months. 


9 Months. 


First gauging . 
Second gauging. 


lbs. 

• • 

• • 


lbs. 
280 

tlS2 


lbs; 
284 

ti33 


• • 


• • 

• • 



* This is a cement adulterated with slag. 

t On the second gauging of these the water or moisture could not be brought 
to the surface of the briquettes, showing that the setting had proceeded too far 
for the best results to be obtained on the regauging. 



The Use of Portland Cement. 



309 



No. 4 — ^A Cement that Set in Forty Minutes, Neat 

Cement. 

(Second gauging, 20 minutes after the first) 



Tmsile Strength at 


7 Days. 


28 Days. 


3 Months. 


6 Months. 


9 Months. 


First gauging . 
Second gauging. 


lbs. 

. * 

« 

• • 


lbs. 
586 

648 


lbs. 
666 

558 


lbs. 
620 

547 


lbs. 
738 

602 



No. 5. — The Same Cement Gauged with Three Parts 

OF Standard Sand. 

(Second gauging, 30 minutes after the first.) 



Tensile Strength at 


7 Days. 


28 Days. 


3 Months. 


6 Months. 


9 Months. 


First gauging . 
Second gauging. 


lbs. 

• • 


lbs. 
242 

*222 


lbs. 
304 

202 


lbs. 
331 

143 


• • 
• 



No. 6. — ^A Cement that Set in Four Hours, Neat 

Cement. 

(Second gauging, 2 hours after the first) 



Tensile Strength at 


7 Days. 


28 Days. 


3 Months, 


6 Months. 


9 Months. 


First gauging , 
Second gauging . 


lbs. 

• • 


lbs. 
657 

658 


lbs. 
763 

698 


lbs. 

775 
757 


lbs. 
784 

811 



. * This cement had become considerably slower setting, and conseqaentlr 
these briquettes were not so dry as those re-gauged for the three, six and nine 
months^ 



3IO 



The Use of Portland Cement, 



No. 7, — The Same Cement Gauged with Three Parts 

OF Standard Sand. 

(Second gauging, 2J^ hours after the first) 



Tensile Strength at 


7 Days. 


28 Days. 


3 Months. 


6 Months. 


9 Months. 


First gauging . 
Second gauging. 


lbs. 

• • 

« « 


lbs. 
264 

230 


lbs. 
320 

329 


lbs. 
321 

322 


• • 



No. 8. — ^A Cement that was Two Years Old and took 
24 Hours to Set, Neat Cement. 

(Second gauging, 18 hours after the first) 



Tensile Strength at 


7 Days. 


28 Days. 


3 Months. 


6 Months. 


9 Months. 


First gaugmg . 
Second gauging. 


lbs. 
314 

326 , 


lbs. 
453 

479 


• • 

• • 




• • 



No. 9. — A Cement that took Six Hours to Set, Neat 

Cement. 

(Second gauging, i hour after the first.) 



Tensile Strength at 


7 Days. 


28 Days. 


3 Months. 


6 Months. 


9 Months. 


First gauging . 
Second gauging. 


lbs. 
477 

467 


lbs. 
529 




• • 


• • 
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" The noticeable feature in the foregoing tests is that, 
when a quick-setting cement is used, the 'reset' cement 
always shows a very considerable diminution in strength, 
whereas in the slow-setting ones the loss is not so great, 
and in the one instance, No. 8, when the cement took 
twenty-four hours to set, the re-gauging of the cement 
actually increased its tensile strength. The whole of the 
results given represent the average of five briquettes in 
each instance, so that they may be considered to fairly 
represent the value of ' re-gauged ' cement" 

Mr. Smith, in * Correspondence on Concrete Work for 
Harbours,* * expresses an opinion which entirely confirms 
the foregoing views. He says : — " The final setting de- 
pended upon there being no addition made to the quantity 
of water absorbed in deposit When the partly set con- 
crete was not thoroughly pulverised and refluxed by the 
water in deposit, the mass remained porous, and the water 
disintegrated the cement and prevented it from setting." 

Personally, the , author is of opinion that any such 
tampering with the setting properties of cement is treading 
on dangerous ground. It has been shown by the foregoing 
quotation that to obtain the best results, partially set cement 
must be broken up and re-gauged at a certain not very clearly 
defined period during the process of setting, and if that 
period is exceeded great loss of strength results. For 
such purposes as those described by Mr. Kinniple, it may 
be economical to use cement in the manner which he advo- 
cates, but, more especially in marine construction, such a 
method affords an excellent opening for attack by the sea 
water ; it is not at all unlikely that the use of this " reset " 
concrete, intentional or otherwise, is responsible for the 
failures in sea-water work, which have occurred — \txy 

* 'Minutes of Proceedings of the Institution of Civil Engineers,' vol. 
Izxxvii. p. 214. 
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occasionally, it is true — but still have occurred on our 
coasts. 

To guard against the possibility of the cement being 
manipulated after setting has commenced, or as it is gene- 
rally termed " killed," it is advisable for the clerk of works, 
or person in charge of the work, to occasionally gauge up a 
small pat of the cement to be used, taking care that the 
conditions of temperature and exposure are the same 
as in the actual work, and, noting any peculiarities in 
its setting properties, to take precautions accordingly. A 
cement that would allow a comfortable time for manipula- 
tion under ordinary climatic conditions, would be absolutely 
ruined if worked for the same length of time in very hot 
weather, such as often occurs during the summer months 
or in tropical climates. In such cases the only course open 
to the user is either to further aerate the cement so as to 
render it slower setting, or to mix the concrete in small 
quantities, and see that it is in its allotted position before 
setting commences. 

The effect of sea water on Portland Cement is a question 
which, some few years ago, caused a considerable amount 
of anxiety among engineers and others who were using it 
under those conditions. The failures at Aberdeen Harbour 
in 1887, and the subsequent reports of Mr. Smith, the harbour 
engineer, in conjunction with Professor Brazier, of Aberdeen 
College, went to show that the action of sea water had a 
decomposing effect upon cement, and in this opinion they 
were supported by the late Mr. Phillip Messent, engineer 
to the Tyne Commissioners. After a considerable amount 
of chemical and physical research by these gentlemen, the 
failures in question were attributed solely to the destructive 
action of the sea water upon the cement. It was, however, 
afterwards conclusively shown that there was some reason 
to doubt both the quality of the cement used, and also the 
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method of using it, the concrete which failed being of such 
a porous nature that the water could percolate pretty freely 
through it. The point upon which most stress was laid in 
the report of the before-mentioned experts was the amount 
of magnesia found in the decomposed cement taken from 
the dock walls. Professor Brazier attributed this to the sea 
water dissolving the lime out of the cement, and the solu- 
tion of lime thus formed immediately precipitating the 
magnesia contained in the sea water. In order to cor- 
roborate his views as to the destructive action of sea water 
upon cement he digested cement in a powdered state with 
sea water, with constant stirring to prevent its setting, and 
found that a certain amount of the lime was dissolved out 
of it and a quantity of magnesia deposited. As was shown 
by Faija in a paper on the subject read before the Society 
of Engineers in 1888, the results obtained by this treatment 
were scarcely conclusive, for it does not follow that, because 
sea water decomposes cement when digested in a powdered 
unset condition, it will attack it in the same way after it has 
been allowed to set and harden properly in large masses. 
It is well known that cement will set and harden equally 
well in sea water as in fresh water, although sea water 
retards its setting. The following figures, taken from the 
above-mentioned paper, may be instanced as showing the 
comparative effect of sea water and fresh water upon the 
setting and tensile strength of Portland Cement 

" Four briquettes were made, two gauged with sea water 
and two gauged with fresh water. 

No. I gauged with fresh water, -set in fresh water in 3 hours. 
„ 2 „ „ „ air in ij „ 

„ 3 „ sea water, „ sea water in 4 „ 

,, 4 j> »> >> ^*^ m 2 „ 

" These having been left respectively in sea water and 
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fresh water for twenty-eight days were tested for tensile 
strength with the following results : — 

595 lbs. 
540 „ 
690 „ 
650 „ 

'* Several briquettes were gauged with sea and fresh 
water and tested with the following results, each test repre- 
senting the average of five briquettes." 



No. 


I 


broke at 


II 


2 


II 


91 


II 


3 


II 


II 


II 


4 


II 


II 



Tensile strength 

at — Days alter 

Gauging. 


Gauged with Fresh 

Water and placed 

in Fresh Water 

24 hours after 

Gauging. 


Gauged with Fresh 

Water and placed 

in Sea Water 

24 hours after 

Gauging. 


Gauged with Sea 

Water and placed 

in Sea Water 

24 hours after 

Gauging. 


3 days 

7 II 
28 „ 


365 lbs. 

434 1, 
506 „ 


407 lbs. 

484 II 
560 II 


353 lbs. 

429 II 
566 „ 



The main fault of the defective concrete at Aberdeen, 
apart from the action of the salt water upon it, seems to have 
been excess of sand and its consequent extreme porosity. 
One speaker who had seen the work in course of construc- 
tion, remarked that it was nothing more nor less than a huge 
filter. Of course, under these conditions, the concrete being 
of such a weak, porous nature, the water could pass freely 
through it and dissolve out the lime of the cement, at 
the same time precipitating and depositing the magnesia, 
the presence of which led to so much apprehension. A 
series of experiments on the forced percolation of sea water 
through concrete,* by Faija, showed that if the mass was 



* ' Society of Engineers,* 18S9. 
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only moderately porous, the percolation of water through 
it had no ill effect, and moreover after a time entirely 
ceased, owing to the pores being blocked up by the depo- 
sition before mentioned. Comparative tests made with 
briquettes treated in the ordinary way and those which had 
been subjected to forced percolation from a head of 24 feet, 
gave results slightly in favour of the latter. 

A very interesting paper on the effect of sea water upon 
hydraulic cement has lately been communicated to the 
Institution of Civil Engineers by Dr. Michaelis, of Berlin.! 
He commences by stating that hydraulic cements rich in 
lime contain a considerable amount of unsaturated or un- 
combined lime, and that they therefore segregate this excess 
of lime during the setting and hardening process as calcic 
hydrate, with the consequence that the set cement is com- 
pletely permeated with crystals of calcic hydrate. An 
exhaustive series of experiments is given showing that 
ordinary Portland Cements of a somewhat fully limed 
nature are decomposed by sea water and the salts contained 
therein ; but that such action is altogether obviated, and the 
strength of the mortar under all conditions immensely in- 
creased, if substances containing alumina and hydraulic 
silica, such as trass and pozzuolana, are added to the cement 
in sufficient quantity to combine with the lime liberated 
during setting. He says : " The action of sea water upon 
hydraulic cement is chiefly a chemical one, proceeding from 
the reaction of the soluble sulphates in the sea water on 
the free lime, or that becoming free in the course of the 
hardening process, on the ferrate of lime, on the aluminate 
of lime, and on the silicate of lime, especially such of these 
compounds as are high in lime." He proposes "to go 
to the root of the evil, by laying hold at the outset of 
the injurious excess of lime, and converting it to a useful 

t ' Proceedings Institation Civil Engineers,' vol. cxxix. p. 325. 
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purpose ; this proposal is based upon the fact that I have 
long upheld, that clinkered Portland Cements, too high in 
calcic oxide and hydraulic limes, may — either in the process 
of manufacture or in the preparation of the mortar — be 
improved, and more especially rendered more capable of 
withstanding the decomposing action of sea water, by 
means of such additions as will go to form fresh hydraulic 
mortar with the excess of lime, or with that which is set free 
during the hardening process, i.e. with pozzuolanas in the 
highest sense of the word. Such suitable pozzuolanas are : 
hydraulic silica itself, opal, infusorin earth, pozzuolanas in 
the more restricted sense, trass, santorian. earth ; also 
further, powdered glass, certain granulated blast-furnace 
slags, burnt alum-shale, kaolin, brickdust, &c. 

" Of all known additions of this kind, the most effective 
is real trass, on account of the high proportion it contains 
of the hydraulic factors, and of the excellent quality of that 
portion of it which acts as sand." 

As will be seen in the latter part of Appendix II., the 
members of the German Association of Cement Manu- 
facturers undertake not to add any extraneous material 
whatever to their cement (beyond a trifling amount of 2 per 
cent of gypsum or similar material to adjust the setting 
properties), as they consider any such addition diminishes 
the value of the cement, and is, therefore, a fraud on the 
consumer. This resolution was made with the intention of 
stamping out the wholesale adulteration which was at one 
time carried on by some manufacturers. Dr. Michaelis, 
however, strongly disagreed with the sweeping assertion 
that all additions of a foreign material weakened Portland 
Cement, and he brings forward the researches above quoted 
in support of his contention that some substances, viz. those 
containing hydraulic silica, &c., may be advantageously 
mixed with cement. The difficulty to be contended with 



The Use of Portland Cement. 317 

in admitting such admixtures during the manufacture of 
cement, would be the proper control of the quantities added, 
and it is very much to be feared that their admission would 
again open the door to wholesale adulteration, which by the 
energetic action of the German Association has been practi- 
cally stamped out in that country. 

That sea water attacks unset cement, has since been 
proved by actual experiment, but personal experience 
shows that it is only attacked on the surface. If a pat of 
neat cement be placed under sea water immediately after 
gauging, it will be found to harden well everywhere except 
for a depth of about \ inch from the surface, and in a few 
hours a white deposit, consisting chiefly of magnesia, will 
be found to have formed on this soft surface. This suggests 
that quick-setting cement is the most suitable for marine 
work, as affording less opportunity for the attack of the 
sea water, and as cement which is first allowed to set 
is not affected thereby, it seems better, wherever possible, 
to adopt the block method of construction, so successfully 
used by the late Sir John Coode at Colombo and else- 
where. 

The sack system of construction for work under water, 
adopted by Mr. Carey at Newhaven and elsewhere, has 
much to recommend it, inasmuch as it affords less oppor- 
tunity for the washing away of the cement from the aggre- 
gate and the mass is more under control. As, however, 
Mr. Carey remarks, in the use of large masses by this 
system, a great deal depends upon the rapid mixing 
of the concrete, so that the sack may be placed in its 
allotted position before setting commences, otherwise not 
only will it not settle down in its place properly, but the 
strength and homogeneity of the mass will be considerably 
impaired. 

The manufacture of purpose-made concrete goods, such 



3 1 8 The Use of Portland Cement. 

as paving slabs, sills, concrete sewer pipes, &c., is a use of 
cement which has been gradually extending for some time 
past, and the excellent examples of such goods produced 
by the various firms who make a speciality of that class of 
work are too well known to need mentioning ; the excellent 
results obtained in this branch of the industry are due 
entirely to the care which is exercised in selecting and 
thoroughly maturing the cement ; the selection, washing 
and proportioning of the aggregates ; and last, but not 
least, the manipulative skill of the workmen employed. 
Although it may seem rather a hazardous opinion to ex- 
press, personal experience has proved that the skill of the 
workman has more to do with the satisfactory nature of the 
work than is generally recognised. As a case in point, the 
concrete work of the sea front or esplanade at two neigh- 
bouring watering places was recently carried out with ex- 
actly similar materials and with the same brand of cement ; 
yet, owing to superior skill and workmanship, the one is 
immeasurably superior in finish and appearance to the 
other. 

Without wishing to give rise to the inference that 
Portland Cement is, so to speak, a hot-house plant that 
would be irretrievably damaged by rough handling, it is 
very certain. that the greater part of the unsatisfactory work 
which occasionally occurs would be entirely avoided if the 
properties of the material were more thoroughly recognised 
and appreciated. Cases have occurred more than once in 
which the cement has been expected to behave in a manner 
altogether contrary to the laws of nature, viz. to set as 
quickly in cold weather as in warm, or vice versd^ and when 
these expectations have not been fulfilled, the reputation of 
the material has suffered accordingly. The author trusts 
that the more salient properties of Portland Cement which 
he has endeavoured to place before his readers in these 
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pages will in time come to be generally known and widely 
appreciated, for he feels convinced that when that period 
arrives, failures in Portland Cement work will never be heard 
of, and its value as a constructive material, therefore, con- 
siderably enhanced. 



1 
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APPENDIX I. 



jRAlV MATERIALS. 



VARIOUS RAW MATERIALS FROM WHICH PORTLAND 
CEMENT IS MANUFACTURED IN ENGLAND AND 
ABROAD. 

Analyses by the late Henry Faija and the Author, 
Chalk, Clay and Marl from Petersfield, Hants. 





Chalk. 


CUy. 


Mtfl. 


Moisture .... 


12*84 


•70 


IO-S5 


Loss at red-heat . 


•67 


4'6o 


3*67 


Silica .... 


8-00 


6a -95 


37-25 


Oxide of iron 

Alumina .... 


I '40 


ii'aS 
14*00 


325 
I-7S 


Carbonate of lime 


77-04 


4-aS 


S30O 


Alkalies .... 


• • 


3*a5 


•18 




99*95 


lOO'OO 


99*65 
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Chalk and Clay from Harefield. 





Chalk. 


Clay 


Loss-at red heat 


• • 




4-728 


Silica 


1 2-79 


1 


57-300 


Alumina and oxide of iron . 


22*100 


Carbonate of lime 


97-21 




3*300 


,y magnesia 


• • 




6-250 


Sulphuric acid .... 


• • 




1-490 


Alkalies . • • 


• • 




0-625 




ICO '00 




95 '793 



Chalk and Clay from Arundel. 





Chalk. 


Clay. 


Silica ..... 


5*7 


63-90 


Alumina . 
Oxide of iron . 




' 
1 


2-6 


1 
1 


7-629 
3-621 


Carbonate of lime 




91-225 


18-675 


,y magnesia 


m 


• • 


0-892 


Sulphuric acid . 




• • 


0789 


Organic matter . 




• • 


2-920 


Alkalies, &c 




• • 


1*574 






99*525 


I 00 -coo 



Raw Materials. 



323 



Carbonate of Lime and Clay from Mexico. 





Carbonate. 


Clay. 


Loss at 212° F 


2*800 


7*6o 


Organic matter .... 


0-350 


3-63 


Silica ..... 


17 '600 


54-05 


Alumina and oxide of iron . 


4*600 


24*00 


Carbonate of lime 


73-030 


7-05 


,y magnesia 


I-S7S 


3*57 




99 '955 


99-90 



Limestone and Clay from Adelaide, Australia. 





Limestone. 


Clay. 


Silica . • . . . 


8-9 


65-500 


Alumina .... 






2-30 


14*292 


Oxide of iron . 






2-50 


7 '208 


Carbonate of lime 






46*60 


9901 


,, magnesia 






I '44 


2-057 


Carbonic acid . 






3S-I9 


4-542 


Organic matter . 






• • 


3-380 








99-93 


99 - 880 



Y 2 
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Chalk and Clay from Kewhaven, Sussex. 





Chalk. 


Chy. 


Loss at 2 1 2° F. . 


^ 




• 


I -80 


Organic matter . 


. 


• • 








3-53 


Silica 


• 


• • 




I'20 ( 




39 '70 


Alumina . 


1 1 










16-03 


Oxide of iron . 


1 1 




) 


k 


6-97 


Lime carbonate. 


< 




98-64 


27-67 


Magnesia carbonate . 


fl 




« • 


2-96 


Alkalies . 


• 




• • 


•95 


m 






99-84 


99-66 



Limestone and Clay from Melbourne, Australia. 



• 


White stone. 


Yellow Clay. 


Moisture ..... 


-60 




• • 


Organic matter . 


• 




1-40 




9-88 


Silica 


• 




2-00 


■ 


53-03 


Alumina . 
Oxide of iron . 


ft 




[ 0*65 


< 


18-26 
i3'94 


Lime carbonate. 


p 4 




95*50 




2-85 


Magnesia carbonate , 


fl 


f 


• • 




1-28 


Sulphuric acid . 


• 




trace 




trace 


Alkalies . 


• 




• . 




0-40 








100-15 


99-64 
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Limestones and Muds from Parahyba do Norte, Brazil. 





Limestones. 


Muds. 


Moisture . 


0*90 


O'lO 


4'6o 


4'6o 


3*8o 


Organic matter 






• • 


• • 


15-68 


14*74 


16-84 


Silica 






415 


2-25 


40-40 


39-80 


39 25 


Alumina . 






I "95 


0-85 


14-83 


18*89 


15-73 


Oxide of iron 






• • 


• • 


"-S7 


9-42 


12-57 


Lime 






45-85 


49*10 


2*IO 


i-8o 


2-70 


Magnesia . 






5 07 


4*39 


1-84 


2*42 


0*90 


Sulphuric acid . 






• • 


• • 


3*60 


3-05 


3-46 


Carbonic acid . 






41 "60 


43 '40 


y^z 


4*16 


316 


Alkalies . 






0-50 


0-30 


0-50 


^•05 


1*40 








100 '02 


100-39 


99*75 


99-93 


99-81 



Limestone and Clays from Yancton, South Dakota, 

U.S. A. 





Limestone. 


River Clay. 


Pit Clny. 


Moisture lost at 2 1 2^ F. 


0*6o 


2-IO 


o-6o 


Organic matter . 






4-84 


3-05 


10*91 


Silica 




' 


6-95 


58-30 


51 '20 


Alumina • 
Oxide of Iron 






} ^-^M 


16-63 
4-57 


22*29 

S-71 


Carbonate of lime 






80-53 


7-14 


6-43 


„ magnesia. 






0*96 


5*37 


2*03 


Sulphuric acid . 






• • 


2-09 


trace 


Alkalies 






• • 


0-50 


0-45 








100-03 

1 


99-75 


99-62 
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Limestones and Clay from Tula, Mexico. 





Limestones. 


Clay. 


Organic matter and com-) 
bined water • • . | 

Insoluble siLcious matter , 

Silica ^ . . . 

Alumina • . . .. 

Oxide of iron , • . | 

Carbonate of lime 


13-37 

54' 40 
2-iS 

7'6o. 
i9'73 


To-39 

42-80 
3-X5 

7-20 
34-01 


9-80 

26*20 
2'35 

8*05 

52-05 


8*40 

• • 

56-30 
26*40 

5'7i 




97 '25 


97*55 


98-45 


96-81 



Blue Lias Limestones and Clays from Warwickshire. 





Limestones. 


Clay& 


Moisture and organic) 
matter * . . f 


• • 


I-7J 


3-70 


• 

2-89 


5'S« 


Silica .... 


10-20 


14-30 


14*45 


38-00 


17-00 


Alumina 


y6o 


5*io 


5-85 


14-85 


5'99 


Oxide of iron. 


• • 


• • 


• • 


4'75 


4*i6 


Carbonate of lime • 


84*00 


76-78 


73'75 


30-17 


63-75 


y, magnesia , 


I'25 


i'65 


2*02 


6-88 


2*38 


Sulphuric add 


i'33 


•51 


trace 


2-12 


'99 




100-38 


100*05 


99'77 


99 '66 


99-79 
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Chalk and Clat from Elmley. 





Chalk. 


Clay. 


Moisture lost at 21 2^ Fahr. . 


• • 


2*10 


Organic matter . 






• • 


4^71 


Silica in form of fine sand , 






• • 


18*28 


Silica .... 






10-65 


39-87 


Alumina . 








I ( 


10*00 


Oxide of iron . 








1 ''-' \ 


5-65 


Lime 








46-94 


8-05 


Magnesia 








1*03 


1-88 


Sulphuric acid . 








trace 


3-53 


Carbonic acid . 








38-02 


6-99 










99 '74 


100 '06 



Limestones anc 


> Clay from South Africa 


1 




Limestones. 


Clay. 


Organic matter 


• • 


• • 


• a 


•75 


Silica 






25-59 


12*04 


13-95 


75-50 


Alumina. 






4*01 


6*38 


7-40 


13-66 


Oxide of iron . 






2-28 


4'23 


3'io 
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Lime 






37-67 


41-85 


40-30 


trace 


Magnesia 






*Z(i 


1-30 


1*66 


2'83 


Sulphuric acid. 






trace 


trace 


trace 


•89 


Carbonic acid 






28-95 


34-00 


33-00 


3*io 


Potash • 






•25 


•18 


•22 


•37 


Soda 






•20 


•13 


•16 


•31 








99 -81 


lOO'II 


99-79 


99 69 
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Shale and Clay from Adelaide, Australia. 





Shalr. 


Clay. 


Carbonic acid .... 

ft 


5 'So 


. 


Organic matter . 








1*20 


> 9*45 


Silica 








57-24 


57-80 


Alumina • 








21*88 


' 


Oxide of iron 








6*61 


23"90 


Lime 








2*74 


5*75 


Magnesia. 








3'32 


• • 


Sulphuric acid 








•74 


. . 




99-53 


96*90 


Limestones and Clays from Kingston, Jamaica, 




Limestones. 


Clays. 


Moisture . .1 










« 


Carbonic acid 


43*00 


42*60 


43-50 


[ 14-15 


• • 


Organic matter 


. • 


• • 


• • 


13-50 


Silica . 


2 '04 


2*23 


trace 


48*69 


50*84 


Alumina 
Oxide of iron 


•34 


•64 


1-44 


1 16-15 
[ 7-29 


14-15 

5'54 


Lime . 


54 '09 


53-79 


54-54 


8*84 


11*94 


Magnesia • 


•35 


•61 


•57 


2*92 


2*4X 


Sulphuric acid 


trace 


trace 


• • 


1*09 


I* 16 


Potash 


■ • 


• . 


. • 


•54 


•37 


Soda • 


« • 


. • 


. • 


•46 


•31 






99*82 


99*87 


100*05 


100-13 


100*22 



/ 



Raw Materials. 
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Limestones and Clay from Adelaide, Australia. 







Limestones. 












Clay. 


- 


Blue. 


Pink. 


Yellow. 




Water lost at 2 1 2° Fahr. 


. • 


• • 


• • 


9'IS 


Organic matter . v 


• . 


• • 


• • 


3*36 


Silica .... 


3*40 


5-38 


4-58 


53-14 


Alumina .... 


2'77 


4-04 


4'4S 


19-36 


Oxide of iron . 


1-15 


3*23 


I '33 


5-78 


Carbonate of lime 


91-32 


86-79 


88 92 


3'9i 


,, magnesia 


1-28 


^iS 


-96 


4-15 


Sulphuric acid . 


trace 


• • 


. . 


1-09 


Alkalies .... 


• • 


. • 


. . 


nil 




99-92 


99-98 


100-24 


99 '94 



Limestone and Shale from Shrewsbury. 





Limestone. 


Shale. 


Carbonic acid .... 


36-90 


17*50 


Silica 








8-51 


40-19 


Alumina . 








S'" 


14-42 


Oxide of iron 








I-S5 


3'42 


Lime 








4S'82 


15-89 


Magnesia 








1-87 


586 


Sulphuric acid 




. • 




-20 


2 -80 


Alkalies . 








trace 


trace 










99 96 


100 '08 
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APPENDIX II. 
GERMAN STANDARD RULES 

FOR THE UNIFORM DELIVERY AND TESTING OF 

PORTLAND CEMENT. 

Definiium of the term Portland Cement. 

Portland Cement is a product resulting from the burning of an 
intimate admixture of calcareous and argillaceous materials, as 
principal ingredients, which burning is carried to the point of 
incipient fusion, the clinker thus produced being ground to a fine 
powder. 

I. Packing and Weight. 

Portland Cement shall, as a rule, be packed in casks of standard 
sizes of i8o kgs. (396 lbs.) gross, and about 170 kgs. (375 lbs.) 
net weight; and in half casks of standard sizes of 90 kgs. 
{198 lbs.) gross, and about 83 kgs. (183 lbs.) net weight The 
gross weight must be clearly indicated on the cask. 

Should the cement be required in casks of a different weight, 
or in sacks, the gross weight must be clearly marked on the 
outside. 

Leakage or variations in weight of any package of less than 
2 per cent cannot be objected to. 

Casks and sacks must also bear the name of the firm, or trade 
mark of the factory from which it emanated, in distinct characters. 

Reasons for L — ^The adoption of a uniform weight is urgently 
necessary in the interest of the purchaser, and also to ensure sound 
business. A weight of 180 kgs. gross (= about 400 lbs. English), 
has been selected, that being most commonly used, and almost 
universally recognised in the commercial world. 
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II. Time of Sa. 

Pordand Cement can be fumbhed to set slowly or quickly, 
according to the purpose for which it is required Cements which 
take two hours or more to set, may be described as slow-setting 
cements. 

Explanation of IL — In order to ascertain the time of set of 
slow-setting cements, take a sample of neat cement and mix for 
three minutes with water to a stiff paste ; for quick-setting cements 
only one minute's mixing is required. The mixture is then spread 
on a glass plate, at a single operation, in the form of a pat \\ centi- 
metres thick (about | inch), and tapering towards the edges. 

The consistency of the gauged cement should be such that a 
few taps on the glass plate will cause the mass, which was placed 
thereon with a spatula, to flow outwards towards the edges. From 
27 to 30 per cent of water is generally sufficient for this purpose. 
When the pat becomes hard enough to withstand a slight pressure 
with the finger nail, the cement may be considered as set 

To ascertain accurately the exact time of set, and to determine 
the commencement of setting, which is of the greatest importance 
with quick-setting cement (as it must not be worked after it begins 
to set), a standard needle of 300 grammes (icj^ oz.) weight is used, 
with a diameter of i millimetre ('039 inch) and a flat point A 
metal ring 4 centimetres (about \\ inches) in height, and having 
8 centimetres (3 inches) clear diameter, is placed upon a glass 
plate and filled with gauged cement of the above-mentioned con- 
sistence, and tested at intervals with the needle. The exact 
moment when the needle fails to penetrate the entire depth of 
the mass is considered as the commencement of setting. The 
time which elapses between the gauging and the moment at which 
the normal needle leaves no visible impression on the surface of 
the pat, is the time taken to set. In order to obtain uniform 
results in determining the setting of cement, it is of importance to 
carry out the tests at a mean temperature of both air and water of 
15° to 18° C. (S9° to 64° F.), as the setting is influenced by the 
temperature of the air, and of the water used in gauging ; a high 
temperature quickens the setting, a low temperature, on the 
other hand, retards it. 

Slow-setting cements should not materially increase in tern- 
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perature during setting, whereas with quick-setting cements a 
marked increase is permissible. Portland Cement is rendered 
slower setting by long storage, and its tensile strength is increased 
if kept in a dry place free from draughts. The opinion frequently 
prevailing, that Portland Cement deteriorates by long warehousing 
is therefore an erroneous one, and contract clauses which specify 
the use of fresh cement only, should be discarded 



III. Freedom from Expansion and Contraction, 

Portland Cement should be constant in its volume. The de- 
cisive test of this property shall be, that a pat of neat cement, 
made on a glass plate and kept in a damp atmosphere for twenty- 
four hours, and afterwards immersed in water, shall not show any 
signs of warping or cracking at the edges, even after the lapse of 
a considerable' period. 

Explanation of III. — In carrying out this test, the pat prepared 
for determining the time of set should be placed under water at 
the end of twenty-four hours, in the case of slow-setting cements, 
but in any case only after it has become set. This may be done 
much sooner in the case of quick-setting cements. The pats, 
especially in the case of slow-setting cements, must be well pro- 
tected from draughts, and the direct rays of the sun, until after 
they have become set. The best method is to place them in a 
closed box, or cover them with damp cloths. Hair cracks which 
are caused by shrinkage, due to rapid drying, will thus be avoided. 
These generally appear in the centre of the pat, and are often 
mistaken by the uninitiated for cracks caused by blowing. If the 
cement shows any crumbling, or cracks are visible during the 
process of hardening while under water, this is a certain indica- 
tion of the blowing of the cement; that is to say, the cement 
becomes cracked in consequence of an increase of volume, and a 
gradual disruption of the particles previously connected takes 
place, which may ultimately lead to the total destruction of the 
mass. These symptoms of expansion usually appear within three 
days, but an observation extending over twenty-eight days is 
always sufficient. 
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IV. Fineness of Grinding. 

Portland Cement must be ground so fine that not more than 
10 per cent of residue is left after a sample of the same has been 
passed through a wire sieve of 900 meshes to the square centi- 
metre (5806 per square inch). The thickness of the wire of the 
sieve should be equal to one-half of the width of the opening of 
the mesh. 

Explanation of and Reasons for IV, — 100 grammes (3^- oz.) of 
cement must be used for each determination. The fineness of 
grinding of cement is of paramount importance, because, as sand 
is nearly always used with it, and sometimes in large proportions, 
the cohesive strength of the mortar is greater in proportion to the 
fineness of the cement, inasmuch as under those conditions more 
particles of the cement come into action. It would therefore seem 
advisable that the fineness of the powder should be uniformly 
tested by the use of a fine sieve of above-mentioned description. 
It would, however, be erroneous to judge of the quality of cement 
by its fineness only, as inferior underburned cements are more 
frequently, found to be finely ground than good hard-burned ones. 
The latter kind, though coarser, will generally show a higher 
cementitious value than the former. When cement is to be used 
mixed with lime, it is advisable to employ hard-burned and 
extremely finely ground cements ; the cost of production is higher, 
but will be counterbalanced by a materially improved quality of 
mortar. 

V. Tests for Strength. 

The cementitious value of Portland Cement shall be deter- 
mined by testing a mixture of cement and sand. The testing 
shall be carried out in a uniform manner, both as to its tensile 
strength and resistance to crushing. The test blocks shall be of 
uniform shape and section, and the same apparatus used in every 
case. 

It is advisable at the same time to ascertain the strength of the 
neat cement 

The tests for tensile strength should be carried out with 
briquettes having a sectional area of 5 square centimetres ('77 
square inches) at the point of fracture. In the crushing tests 
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cubes should be used having sides of 50 square centimetres (7*75 
inches) in area. 

Facts in Support of V. — In order to ascertain its cohesive 
strength, it is advisable to test Portland Cement as a sand and 
cement mortar, experience having shown that it is impossible 
uniformly to determine that quality without the addition of sand, 
especially when it is a question of comparing the cement from 
different factories. 

The testing of neat cement is to be recommended, if it is 
required to compare Portiai^d Cement with mixed cements and 
other hydraulic materials, since its high tensile strength and the 
peculiar qualities of Portland Cement which are wanting in all 
other hydraulic cements, are thus more distinctiy marked than 
when tested with sand 

Although the relation between tensile and crushing strain 
varies with different cements, it is usual in many cases to estimate 
the value of hydraulic cements by their tensile strength only. 
This, however, leads to an incorrect opinion of their value, as 
resistance to crushing strain is always the property first to be 
considered in actual practice, and the only true test as to the 
strength of the cement is that of compression. 

In order to ensure the necessary uniformity in carrying out the 
tests, it is advisable to employ the apparatus and machines used at 
the Royal Testing Station at Charlottenbuig, Berlin. 

VI. Tensile and Crushing Strength. 

Slow-setting cement, when tested with 3 parts by weight of 
standard sand to i part of cement, must attain after twenty-eight 
days (that is to say, one day in air and twenty-seven days ih water) 
a tensile strength of at least 16 kilogrammes per square centi- 
metre (227 '5 lbs. per square inch). The crushing strength must 
be at least 160 kilogrammes per square centimetre (2275 lbs. per 
square inch). With quick-setting cements, the tensile strength at 
twenty-eight days is generally less than that above mentioned. 
The time of set should therefore be stated when specifying the 
tensile strength required. 

Explanations, — It is absolutely necessary to use a large pro- 
portion of sand in testing, especially when comparing several 
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cements, as the power of cementing sand together varies with 
different cements, and in practice this is the most important 
feature. The most suitable proportion for this purpose is held to 
be three parts by weight of sand to one of cement, since with that 
proportion the cementitious value of various kinds of cement be- 
comes sufficiently developed. 

Cement showing a greater relative tensile strength than crush- 
ing strength often admits of the addition of a larger proportion of 
sand, and in consideration of this property, as well as for its greater 
strength with the usual amount of sand, should command a higher 
price. 

The standard test of strength i^ the crushing test at twenty- 
eight days, it being impossible to accurately determine the cement* 
ing power, when comparing different kinds of cement, in a shorter 
period of time. Thus, for instance, the strength of various samples 
of cement may be alike after twenty-eight days, whereas there may 
be a material difference between them after only seven days. 

The tensile test at twenty-eight days serves as a controlling 
test of cement delivered If, however, a decision is to be arrived 
at after seven days, it may be made with a given sample, after the 
ratio of tensile strength between the seven days and twenty-eight 
days has been determined. This preliminary test may also be 
carried out with neat cement, after having ascertained the relation 
between the strength of the neat cement at twenty-eight days and 
that mixed with three parts of sand. 

It would be of special value in cases where circumstances will 
admits to further extend the hardening period of the test blocks, 
in order to ascertain the behaviour of different kinds of cements at 
long dates. 

To arrive at consistent results, sand of the same size of grain 
and of the same kind should be used in all cases. This normal 
sand is obtained by washing pure quartz sand as clean as possible, 
drying it, and passing it through a sieve of 60 holes per sq. cm. 
(387 per sq. inch) in order to separate the coarser particles ; the 
sand thus obtained is again passed through a sieve of 120 holes 
per sq. cm. (775 per sq. inch), to free it from the finer particles. 
The thickness of the wire of the sieves should be 0*38 and 
o * 32 mm. ( * o 1 4 and * o 1 2 inches) respectively. 

Since all quartz sands do not always give the same results 
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.when similarly treated, it should be ascertained whether the 
normal sand employed will give results consistent with the normal 
sand supplied for testing purposes under the direction of the 
Committee of the German Cement Manufacturers' Association, and 
which is also used by the Royal Testing Station of Charlottenburg, 
Berlin. 

Descfiption of the Tests for ascertaining the Tensile Strength and 

Resistance to Crushing Strain. 

As in testing the same cement, a great deal depends oh con- 
sistent results being obtained at different places, the subjoined 
rules should be strictly adhered to. 

In order to secure accurate results the average of at least ten 
tests should be made at each date. 

Cement-Sand Briquettes, 6^c, Tests for Tensile Strength, 

The briquettes can be made either by hand or by machine. 

{a) Hand-made. — On a metal or thick glass plate, forming a 
bed for the briquettes, place five small leaves of blotting-paper 
dipped in water, and on each place a mould moistened with water. 
Weigh off 250 grms. (8*8 oz.) cement and 750 grms. (26*4 oz.) 
dry normal sand, mixing both well together in a vessel. Add 
100 cc = 100 grms. (3 "5 oz.) of pure fresh water, working the 
whole mass well together for five minutes. With the mortar thus 
produced fill the moulds at one operation, and heaped up in the 
centre ; by means of an iron spatula having a surface of 8 cm. 
(3] in.) by 5 cm. (2 in.), 35 cm. in length (14 in.), and weighing 
about 250 grms. (8-8 oz.), beat down the projecting mortar, first 
gently on the sides, and then harder and harder into the mould 
till it becomes plastic and water appears on the surface. A con- 
tinual beating of about one minute per mould is absolutely neces- 
sary to attain this object Adding mortar to that already in the 
mould is not advisable, as briquettes of the same cement made at 
different testing stations should be of equal density throughout 
Scrape off with a knife any mortar projecting above the top of the 
mould, smoothing the upper surface with the same instrument ; 
loosen the mould carefully from the briquette and place the latter 
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in a covered box lined with zinc, to avoid unequal drying owing to 
variations of temperature. Twenty-four hours after making the 
briquettes they should be placed under water, in which they must 
remain quite submerged during the whole period of hardening. 

(3) Machine-made. — After the mould fitted with the filling-box 
has been screwed on to the bedplate by two adjusting screws, 
180 grms. (6*35 oz.) of the mortar made as in (a) are placed into 
the mould for each briquette, and the iron core put in ; 150 strokes 
are then given to the core by Dr. Bohme's beating apparatus, 
with the hammer weighing 2 kgs. (4*4 lbs.) 

By strictly observing the above instructions, hand and machine 
work give fairly uniform results. In disputed cases, however, 
machine-made blocks are considered the standard. 



Crushing Tests. 

In order to attain uniform results with the crushing tests by 
different manipulators, machine-made blocks are necessary. 

Weigh off 400 grms. (14*1 oz.) cement and 1200 grms. 
(42 * 3 oz.) dry normal sand, mix both well together in a vessel, 
add 160 C.C. = 160 grms. (5*64 oz.) of water, and stir the mortar 
thoroughly for five minutes. Of this mortar take 860 grms. 
(33 oz.) and fill into the square mould fitted with feeding-box and 
bed plate attached. Place the core into the mould, giving the 
latter 150 strokes by means of Dr. Bohme's beating apparatus, 
with the hammer weighing 2 kgs. (4-4 lbs.). 

After removing the feeding box and core, the block is smoothed 
off, carefully removed and then treated as in (a). 

Briquettes y 6*r., of Neat Cement. 

Rub the insides of the moulds with a little oil, placing them on 
a metallic or glass plate (without blotting-paper), then weigh off 
1000 grms. (35 • 3 oz.) cement, add 200 grms. = 200 cc. (7-06 oz.) 
water, and work the mass for five minutes (this is best done with a 
pestle), fill the moulds, heaping full, and proceed as under {a). 
The moulds, however, must not be removed till the cement is' 
sufficiently hardened. 

As in beating in neat cement, briquettes of equal density are 

z 
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required, a very fine or very quick-setting cement will require a 
correspondingly larger quantity of water. 

The amount of water used should always be mentioned in 
giving the results of such tests. 



Treatment of Specimens in Testing, 

All test pieces must be tested immediately after being taken 
out of water. Since the speed at which the strain is applied has 
an influence on the result, in testing for tensile strength the 
increase of weight shall be at the rate of 100 grms. (3*53 oz.) per 
second. The average of the ten best results, shall be taken as 
the tensile strength developed. 

In testing for crushing strain, in order to get at a uniform 
result, the pressure should always be exerted on the side surfaces 
of the cube, and not on the bottom and upper trowelled surface. 
The average of the ten best results shall be taken as the crushing 
strength of the sample. 
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Declaration of the Union of German Portland Cement 

Manufacturers. 

I 

{a) The members of the Union of German Portland Cement 
Manufacturers undertake to bring into the market, under the 
denomination of " Portland Cement," only a product formed from 
a mixture of calcareous and argillaceous substances forming the 
principal ingredients, calcined to incipient vitrifaction, and reduced 
to a fine powder. 

Any material produced by any other method than that stated 
above, or to which foreign bodies are added either during or before 
calcination, will not be acknowledged by them as '^ Portland 
Cement," but rather, the sale of such products under the term 
'* Portland Cement " will be considered as an imposition on the 
buyer. 

This declaration has no reference to trifling additions made for 
regulating the setting of Portland Cement, which are allowed to 
the extent of 2 per cent 

{b) Any member acting contrary to the obligation thus under- 
taken shall be excluded from the Association, and his expulsion 
made public. 

{c) The members, in giving this declaration, acknowledge the 
duty of the Committee of the Union to see that the obligations 
thus entered into are strictly adhered to. 

Berlin : Autumn^ i88S. 
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APPENDIX III. 

FRENCH 
GOVERNMENT SPECIFICATION 

Harbour. 

Supply of . . , , Tons of Portland Cement 

Schedule of Conditions. 

Article i. — ^The Portland Cement supplied shall emanate ex- 
clusively from the factory of the firm tendering ; it shall be pro- 
duced by the grinding of clinker obtained by the calcination to 
incipient vitrifaction of an intimate mixture of carbonate of lime 
and clay, accurately proportioned, and chemically and physically 
homogeneous in every part. 

Article 2. — The Government reserves to itself the right of 
exercising its control, under the conditions which shall be deter- 
mined by it, over the manufacture, storing in the warehouse at 
the factory, and the despatch of the cement which shall be pro- 
vided in execution of the present contract 

For this purpose the engineer or his deputy shall have access 
at all times to those parts of the factory relating to this supply, 
and he shall have the right to — 

I. Take all steps which he shall consider necessary to assure 
himself of the composition of the raw slurry employed in the 
manufacture of all cement intended for the Government 

3. Inspect the picking of the clinker after calcination. 

3. Follow the cement submitted to his inspection from the 
picking of the clinker to the special bins, where it shall be ware- 
housed after grinding. 

4. Control the special plumbing and the despatch of the said 
cement when taken out of the bins. 
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5. Appoint special inspectors, permanently resident at the 
factory, for the purpose hereinbefore mentioned. 

Article 3. — When such inspection carried out at the factory 
shall bring to light irregularities or imperfections in the manufac- 
ture of the cement, which shall be of such a nature as to cause 
doubts as to its quality, the whole of the cement, the manufac- 
ture of which has given rise to this conclusion, shall be declared 
" suspected," and shall be kept apart by the manufacturer in the 
warehouses of the factory under the key of the Government, until 
the completion of the tests extending over three months, to which 
samples taken by the inspector in charge of the inspection shall 
be submitted in the Government laboratory. 

The contractor shall always be at liberty to withdraw the 
obligation to thus keep in his warehouses for a prolonged period 
the cements declared " suspected," by undertaking not to supply 
it to the Government. These cements will then be considered as 
definitely rejected, and must not be forwarded 

Article 4. — Every parcel of cement on its arrival at the ware- 
house on the works, shall be examined to determine whether the 
cement is perfectly dry. No sack will be allowed to enter the 
warehouse which has been exposed to damp, and the contents of 
which are not absolutely pulverulent throughout. 

Then the parcel having passed so far as regards dryness, shall 
be submitted to the tests determined by Articles 5 to 19, as below, 
relating to — 

1. Density. 

2. Chemical composition. 

3. Time of set 

4. Freedom from cracks after setting. 

5. Tensile strength of briquettes of neat cement. 

6. Tensile strength of briquettes of cement mixed with stan-^ 
dard sand. 

For this purpose the engineer or his deputy shall take cement 
from one or more sacks chosen at random, at a depth and at 
places which he shall select, without mixing the cement coming 
from the different sacks ; he shall then proceed to test them with 
due observance of the prescribed precautions. 

Each of the samples thus taken shall satisfy each separate con- 
dition prescribed in the following Articles ; the measures to be 
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taken with regard to the whole of the parcel shall be those which 
apply to the sample which gives the least satisfactory results. 

The contractor or his representative shall have the right to be 
present during the tests. If any part of the operation appears to 
him not to have been carried out in accordance with the precau- 
tions prescribed by the present specification, he shall immediately 
notify the same to the inspector appointed for testing, and shall 
immediately advise, in writing, the engineer in ordinary, flailing 
which, the operation in questfon shall not serve as the basis of an 
objection, in the event of the tests finally proving unsatisfactory. 

The contractor will be advised at least three hours in advance 
of the time at which the tests of each parcel will be commenced 
in the Government laboratory. In case neither the contractor 
nor his representative are present at the laboratory at the time 
mentioned, the testing will proceed. All tests which are thus 
made in the absence of the contractor or his representative, shall 
be considered as well and duly made, and the contractor shall 
not be allowed to dispute the results. 

Article 5. — The fine dust produced by sifting cement through 
a metal sieve of 5000 meshes per square centimetre shall have a 
weight per litre lightly filled, at least equal to a minimum deter- 
mined according to the following rule ; failing this the parcel from 
which the sample of cement was taken and which has been found 
too light shall be declared " suspected.* 

In order to obtain a lightly filled litre of fine dust produced 
by sifting cement through a sieve of 5000 meshes per square 
centimetre under uniformly comparable conditions, a measure of 
one cubic litre (i '76 pints) capacity is placed on a firm support ; 
above this measure is placed an inclined plane of 45 degrees, 
consisting of a sheet of zinc, 50 centimetres (19*6 inches) in 
length, the lower horizontal edge of which shall be fixed i centi- 
pietre (| inch) above the level of the top of the measure \ spoon- 
fuls of the cement dust shall then be gently poured on to the top 
of this inclined plane, until the measure is rather more than filled 
up, and the excess of cement shall be removed by drawing over 
the edge of the measure a flat straight-edge held vertically ; during 
the whole operation the measure shall not be subjected to any 
vibration or shock. To estimate the weight of a litre (1*76 pints) 
the total contents of five measures, filled in accordance with 
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the precautions above described, shall be weighed at one opera- 
tion. 

The minimum weight per lightly filled Utre (1*76 pints) shall 
be determined in the following manner. Before any deliveries 
are made, a quantity of heavy well-burned clinker shall be ground 
and sifted at the factory, in the presence of the engineer or his 
deputy, by the machinery ordinarily used in the factory; each 
piece of clinker shall be throughout of a pure black, bluish black, 
or greenish black colour, and shall contain the chemical consti- 
tuents which correspond to the ordinary ingredients of the slurry of 
the factory, as declared by the manufacturer. This clinker shall 
be chosen by the engineer at the foot of a kiln selected by him, 
which is being drawn. The grinding shall be conducted in such 
a manner as to give by ordinary sitting a cement which shall 
leave a residue of 20 to 25 per cent on a sieve of 5000 meshes 
per square centimetre (32,256 per square inch = about 180 
X 180). 

The cement having been sifted through this sieve and 
thoroughly cooled, the weight of a lightly filled litre (i'76 pints) 
of the fine dust thus obtained shall be determined according to 
the method above described. The figure thus determined minus 
an allowance of 100 grammes (3*53 oz.) shall give the minimum 
weight required. 

Article 6. — All cement of which the chemical analysis shows 
more than i per cent, of sulphuric acid, or which contains sulphur 
in weighable quantities, will be rejected. 

Article 7. — ^All cement will be declared " suspected " of which 
the chemical analysis shows more than 4 per cent of oxide of 
iron, or which shall give a value below ^^% for the proportion 
between the total weight of combined silica and alumina on the 
one part, and the weight of the lime on the other part 

Article 8. — For all tests of neat cement, the cement shall be 
gauged with sea water. 

The water and the air during gauging shall be maintained as 
near as possible at a temperature between 15° and 18° C. (59° and 
64" F.). 

The proportion of water to be used with the neat cement shall 
be the same for all tests of the same sample carried out at the same 
time. The standard quantity of water to be used with each sample 
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shall be determined by a preliminary test according to the opera- 
tions and experiments hereafter described. The standard quantity 
thus determined shall only hold good for tests to be made the same 
day that the determination is made. 

The mortar shall be prepared by taking 900 grammes (31*7 
oz.) of cement and pouring on it all at once the quantity of water 
to be employed. The mixing and gauging shall be made with a 
trowel on a marble slab for five minutes, counting from the time 
when the water was added. 

The quantity of water added shall be considered as the standard 
quantity, if the mortar thus prepared forms a firm paste, but well 
bonded, shining and plastic, according to the following conditions. 

1. The consistence of the pat ought not to change perceptibly 
if the gauging is prolonged three minutes over and above the initial 
five minutes. 

2. A small quantity of the pat being taken with the trowel, and 
allowed to fall on a marble slab fi'om a height of about 50 centi- 
meters (19*6 inches), should detach itself from the trowel without 
leaving any part adhering thereto, and after its fall, should practi- 
cally maintain its shape, without producing any crack. 

3. A small quantity of the pat being taken in the hand, a few 
light squeezes should be sufficient to give it a rounded form, and 
to make water rise to the surface; in this operation the mass 
should neither be flattened completely, nor adhere to the skin, and 
if the ball thus formed is allowed to fall from a height of about 
50 centimetres (19*6 inches) it should maintain its rounded form 
without showing any cracks, though slightly flattened. 

4. The proportion of water should also be such that if the 
gauging is carried out with a slightly less quantity, the pat would 
be dry and only slightly coherent, and would crack in falling 
from the trowel or the hand \ it should, on the other hand, be 
such that a slight increase in the quantity of water (from i to 
2 per cent of the weight of cement at the most) is sufficient to 
change the nature of the pat, to soften it and to give it a muddy 
consistence, characterised by adherence to the trowel and a 
tendency to flatten and attach itself to the hand, a tendency which 
prevents its being made into a ball when proceeding as above 
described. 

This last alteration of character, produced by the change from 
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a plastic to a muddy consistency, being very clearly marked, the 
gauging should at first be made with a quantity of water small 
enough to produce a pat that is too dry. The operation should 
then be recommenced the necessary number of times, working 
each time with a fresh quantity of 900 grammes (31 '7 oz.) 
of cement, and increasing the quantity of water 20 c.c ('7 oz.) 
each time, till one operation with a certain proportion of water 
having given a pat of a firm and plastic consistency, the next 
experiment with 20 c.c. ('7 oz.) more of water gives a sloppy pat 
A final test is then made with 10 c.c ('35 oz.) of water less than 
the quantity used to produce a sloppy pat 

The greatest proportion of water tried which produces a 
plastic and non-sloppy pat, subject to the conditions i, 2, 3, 
and 4 above laid down, shall be considered as the standard 
quantity. As the result of experiments carried out as above 
described, the engineer or his deputy will determine, without 
appeal, what is the proportion of water to be used. 

At the same time, the proportion of water thus determined 
shall, on the demand of the contractor, be increased to the extent 
of not more than one per cent. 

Article 9. — To determine the initial set and time of set hard of 
a cement, 900 grammes (31*7 oz.) will be gauged with a trowel 
on a marble slab for five minutes with the standard quantity of sea 
water determined in the preliminary test of Article 8. The whole 
of the water shall be added to the cement at one time. A part 
of the pat thus made shall be taken, and a cylindrical metal box 
of '04 metre (1*5 inch) in height and '087 metre (3*4 inches) 
diameter, filled with it. The box will then be shaken lightly for 
a few seconds, and the water which this shaking brings to the 
top shall be left on the cement. A prismatic needle weighing 
300 grammes (10*5 oz.), and having a square section of one 
millimetre ('039 inch), is then suspended over the box by a 
string passing over a pulley. 

The moment when the mass no longer allows the needle to 
penetrate to the bottom when lowered slowly and with caution, 
will be considered as the time of mitial set 

The setting will be considered as finished when the surface of 
the cement supports the needle without its penetrating to any 
appreciable degree. 
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If the cement commences to set in less time than thirty 
minutes, or completes its setting in less than three hours, the 
parcel from which the sample was taken will be rejected. The 
parcel from which the sample was taken will also be rejected, if 
the setting is not completed in twelve hours. These periods will 
be reckoned from the moment when the water is added to the 
dry powder of the cement 

The temperature during the operation should be maintained 
between 15° and 18° C (59 and 64° F.). 

Artide 10. — Immediately after the filling of the metal box 
containing the pat used for determining the setting, the rest of 
the gauging mentioned in the preceding article shall be employed 
for the preparation on glass plates of circular pats of '08 to 
•10 metre (3*1 to 3*9 inches) in diameter, with a thickness of 
about '02 metre ('8 inch) in the middle, diminishing towards 
the edges to almost nothing. 

The glass plates and the pats thereon shall, immediately after 
their gauging, be immersed in a bath of sea water, the temperature 
of which shall be maintained as near as possible between 15° and 
iS'^C (SQ^'and 64" F.). 

If before the final acceptance of a parcel, any of these pats 
show any signs of warping or cracking, the parcel from which the 
sample was taken will be rejected. 

Article 11. — The paste of neat cement intended for tensile 
strength tests, shall always be obtained by gauging on a marble 
slab for fivQ minutes, 900 grammes (31*7 oz.) of cement with the 
standard quantity of sea water as determined by the preliminary 
test of Article 8. This gauging should give enough cement to make 
six briquettes. 

Each test consisting of eighteen briquettes, there will thus 
have to be three successive gaugings, each under exactly similar 
conditions. 

The briquettes shall be of the form shown in the margin 
(see Fig. 54, p. 190) with a section of '0225 x '0222 metre 
(•88 inch x '87 inch = -7656 sq. inch). 

The moulds being of the form of the briquettes, after having 
been thoroughly cleaned and wetted, shall be placed on a slab of 
marble or polished metal placed horizontally on a firm support. 

In accordance with the instructions given in the first paragraph, 
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six moulds at a time shall be filled at one gauging, putting 
enough in each mould at one operation so that the cement over- 
flows. 

The plastic mass shall be forced into the mould with the flat 
of the trowel When the filling is complete, a few taps are to be 
given with the trowel on the sides of the moulds, to cause the 
cement to become soft and fluid, and to get rid of air bubbles ; 
the operation shall be stopped some few seconds after the cement 
is covered with a slight film of water. 

Immediately the briquette has attained a suflicient consistence, 
the upper face of it is to be smoothed off by passing over the top 
of the mould the straight edge of a knife held almost horizontally, 
cutting the mass off forwards, so as to remove all excess of cement 
without compressing it in any way. 

After a certain time^ but at all events not before the cement is 
set (as determined by the preliminary tests according to the direc- 
tion of Article 9), the moulds are to be loosened, and removed 
from the briquettes without lifting the latter or causing them to 
leave the plate. During the first twenty-four hours following the 
commencement of gauging of the cement, the briquettes shall be 
kept on their plate in a damp atmosphere, protected from currents 
of air and the direct rays of the sun, at a temperature maintained 
as near as possible between 15° and 18° C. (59° and 64° F.). 

At the end of twenty-four hours they will be immersed in a 
bath filled with sea water. 

The water in the bath shall be renewed at least three times a 
week, unless the engineer should think it preferable to order its 
constant renewal by connnued circulation; it shall always be 
maintained as near as possible at a temperature of between 15^ 
and i8°C. (S9°and64°F.). 

For each sample of cement to be tested, eighteen briquettes 
of neat cement shall be made under the foregoing conditions, of 
which six are to be broken at the end of seven days, six at the 
end of twenty-eight days (four weeks), and six at the end of 
eighty-four days (twelve weeks), these periods being reckoned 
from the moment of gauging the mortar. For each series of 
breakings two briquettes from each gauging shall be taken. 

The briquettes shall be broken by tension by means of a double 
lever apparatus shown in the photograph hereafter (see Fig. 61, 
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p. 204) ; an apparatus in which the increasing weight which pro- 
duces the tension is obtained by running a small stream of shot 
into a vessel suspended at the end of the second lever. From the 
six results obtained in each series, the three highest will be selected 
and the mean of these three best results will be the figure taken 
as the strength of the sample tested at the time of testing. 

Article 1 2. — The strength of briquettes of neat cement at the 
expiration of seven days shall be at least 20 kilos per square 
centimetre (284*5 ^^ P^^ square inch) at the point of smallest 
section. 

It shall be at least 35 kilos per square centimetre (497 * 9 lbs. 
per square inch) at the expiration of twenty-eight days. 

Every partial delivery from which a sample is taken and 
which does not comply with these two conditions will be rejected. 
Article 13. — The strength per square centimetre of neat 
briquettes, determined at the end of twenty-eight days, shall also 
show an increase of at least 5 kilos over that developed at seven 
days; if not, the partial delivery from which the sample thus 
tested is taken will be declared " suspected." 

Article 14. — The strength per square centimetre of neat 
briquettes, determined at the end of eighty-four days, shall be at 
least 45 kilos (640 lbs.). In addition it shall show an increase 
on the strength developed at the end of twenty- eight days when 
the latter is less than 55 kilos (782*5 lbs.). 

Every parcel from which a sample is taken and which does 
not comply with these two conditions will be rejected. 

Article 15. — The morta rof cement and normal sand with which 
all the tests for tensile strength of sand and cement shall be made, 
shall be composed of one part of dry cement to three parts of dry 
normal sand by weight 

The sand to be used in all these tests shall be a quartz sand 
prepared artificially by the crushing and pulverisation of the 
quartzite obtained from the quarries of La Montagne du Roule ^ 
Cherbourg. 

This sand shall have passed through a sieve of 64 meshes per 
square centimetre (412 per square inch = about 20 X 20), to 
ehminate all the grains that are too coarse, and shall have been 
caught on a sieve of 144 meshes per square centimetre (929 per 
square inch = about 30 x 30) to eliminate the grains that are too 
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fine. The residue from this second sifting, washed with plenty of 
water and dried, shall constitute the normal sand 

This sand will be furnished by the Government 

Article 16. — ^The weight of sea water to be used with the 
mixture of sand and cement to make the normal sand mortar, 
shall be equal to 12 per cent of the total weight of the sand and 
cement, unless the manufacturer, before the tests are commenced, 
claims for his cement another proportion of water. 

Each gauging shall comprise the necessary quantity of mortar 
to make three briquettes, with a slight surplus. 125 grammes 
(4*4 02.) of cement and 375 grammes (13*2 oz.) of sand shall 
be used. Each test comprising eighteen briquettes, six successive 
gaugings under the same conditions will therefore have to be made. 

The briquette moulds and the testing apparatus shall be the 
same as those employed for testing briquettes of neat cement, 
conformably to the requirements of Article 1 1 above quoted. 

The briquettes for testing shall be prepared in the following 
manner. 

Having placed a slab of marble or polished metal on a firm 
support, the moulds, previously well cleaned and wetted, shall be 
placed thereon. Weigh out 125 grammes (4*4 oz.) of cement 
and 375 grammes (13*2 oz.) of sand, and mix thoroughly in a 
dry state in a basin with a spatula. Add the quantity of sea 
water necessary (about 60 cc = 2 * i oz., unless a different quantity 
has been demanded by the manufacturer), then stir the whole mass 
thoroughly with a spatula for five minutes, counting from the 
time when the water was added. A mortar will thus be obtained 
having the appearance of moist freshly moved earth. This 
mortar shall be introduced at one operation into the moulds in 
sufficient quantity so that after being beaten into the moulds it 
still rises above the edges. 

Beat the mortar into the mould with a spatula, first with rapid 
light blows on the outside of the briquette, and then in the centre, 
afterwards striking harder and following the same method ; con- 
tinue the beating until the mass commences to become plastic 
and the water rises to the sur&ce. Remove the excess of mortar 
from the mould with the blade of a straight-edged knife, and 
smooth the surface by drawing the knife backwards and forwards, 
supported on the edges of the mould. 
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When the mortar is sufficiently hardened, loosen the moulds 
and remove them without lifting the briquettes or causing them to 
leave the plate. 

During the first twenty-four hours following the commence- 
ment of gauging of the mortar, the briquettes shall be kept on 
their plate in a damp atmosphere, protected from currents of air 
and the direct rays of the sun, and at a temperature maintained 
as near as possible between 15° and 18° C. (59° and 64° F.). 

At the end of twenty-four hours they shall be immersed in 
a bath filled with sea water. The water of the bath containing 
the briquettes shall be renewed each week, and shall always be 
maintained as near as possible at a temperature of between 
15° and 18^ C. (59° and 64° F.). 

Eighteen briquettes of normal sand mortar shall be made from 
each sample of cement to be tested under the conditions pre- 
viously stated. Of these, six are to be broken at the end of 
seven days, six at the end of twenty-eight days, and six at the 
end of eighty-four days, these periods counting from the time of 
gauging of the mortar. For each series of breakings, one 
briquette shall be taken from each of the six different gaugings. 

Of the six results obtained in each series the three highest 
shall be taken ; the average of these three best results shall be 
the figure adoped as the strength of the cement under examina- 
tion at the time of testing. 

Article 17. — The strength of normal sand mortar at the ex- 
piration of the seventh day shall be at least eight kilos per square 
centimetre (113 '8 lbs. per square inch) at the point of smallest 
section. 

At twenty- eight days it shall be at least 15 kilos per square 
centimetre (213*4 lbs. per square inch). 

Every partial delivery from which a sample is taken and 
which does not comply with these two conditions will be 
rejected. 

Article 18. — The strength per square centimetre of the normal 
sand mortar at twenty-eight days shall also exceed that developed 
at seven days by at least 2 kilos (28*4 lbs.); if not, the partial 
delivery from which the sample tested was taken will be declared 
** suspected." 
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Article 19. — The strength per square centimetre of the normal 
sand mortar at the end of eighty-four days shall be at least 
18 kilos (256 lbs. per square inch), and it shall always show a 
greater strength than that developed at the end of twenty-eight 
days. 

Every partial delivery from which a sample is taken and 

which does not comply with these two conditions will be rejected. 

I 

Note. — The specification contains several more articles 
relating to the conditional acceptance and storage of the 
cement, return of sacks, &c., which are not of sufficient 
importance to warrant being quoted in full. 



INDEX. 



Aberdeen harbour failures 312 

Addison, Potter & Sons' emery millstones 43> 116 

Adie's testing machine 202,203 

Adulteration detected 271-278 

I, Faija on .. .. .. .. .. .. 268^269 

„ Kentish Ragstone .. .. .. .. .. 269 

» slag 271 

Aeration renders cement slower setting 296 

„ increases bulk of cement .. .. .. .. .. 297 

Aggregates, cleanliness of 298,299 



„ proportions of 
„ selection of 
Alkali waste, cement from 
Alkalies in excess, effect of 
Alumina, function of .. 



.. .. .. .. 3^^» 30' 

•• .. 297-299 

•• ■• •• •• •• zo 

•• ■• •• •• ^^3} 2^4 

•• •• •• •• •• 20 1 

Analyses, alkali waste and clay 26, 27 

Cement made therefrom .. .. •• .. 27 

„ Blue lias stone and shale .. .. .. .. .. 21 

Cement made therefrom .. .. .. •• 2Z 

„ Cambridgeshire marl .. •• .. .. ..25 

„ Gault clay and chalk .. iSy 16 

Cement made therefrom .. .. .. .. 16 

„ Hull clay, and chalk used therewith 18 

Cement made therefrom .. .. .. .• 19 

„ Medway chalk and estuary mud .. .. .. 16,17 

Cement made therefrom .. .. .. 17 

„ Portsmouth chalk and mud .. •• 19^20 

Cement made therefrom •• •• •• 20 

„ Thames (Essex) chalk and estuary mud .. .. 13 

Cement made therefrom .. .. .. 14 

„ Thames (Kent) chalk and estuary mud .. 149 15 

Cement made therefrom 15 

„ Welsh limestone and clay .. .. .. 22 

Cement made therefrom .. .. .. .. 23 

„ Welsh marl and clay .. .. .. .. 23,24 

Cement made therefrom .. .. .. .. 24 

2 A 



354 



Portland Cement. 



» 


>» 


n 


» 


» 


» 


» 


>> 



Analyses, Blue lias limestone and clay from Warwickshire .. 326 

Carbonate of lime and clay from Mexico 3^3 

Chalk and clay from Arundel, Sussex . . . . . . 3^^ 

Elmley, Sittingboume .. .. 327 

Harefiield .. .. •• .. 3^^ 

Newhaven, Sussex .. .. 324 

Petersfield, Hants .. .. 321 

Limestone and clay from Adelaide, Australia .. 329, 323 

Limestone and mud from Brazil.. .. .. .. 325 

Limestone and clay from Kingston, Jamaica .. .. 32S 

Melbourne, Australia .. 324 

South Africa .. .. 327 

Tula, Mexico .. 326 

Yancton, U.S.A. .. .. 325 

Limestone and shale from Shrewsbury . . . . 329 

Shale and clay from Adelaide, Australia . . . . 328 

Analysis, coke-ash, various .. .. .. .. .. .. 70 

Arnold's briquette press .. .. .. .. 199,200 

Ash, coke-, affects cement .. .. .. .. .. 69,70 

„ composition of .. .. .. .. .. .. 70 

Askham's air separator .. .. .. .. .. .. 124 

Author's suggested standard specification .. .. 290,291 



ft 






» 



ty 



>> 



» 



^^ Ax^Ivd <• •• •• •• *• .. 

Ball mills 
Batchelor's kiln 
Blake- Marsden crusher 

„ „ improved 

Bohme's hammer apparatus .. 
Brazier on cement and sea water 
Briquette, Continental.. 

^ aij A .. •• ** •• 

forms of .. .. .. 

Grant 

Michele 

original 

mould, different designs of 

re-ground, cementitious value of.. 

tested immediately taken out of water 






29»34 

137, 138 
88-90 

105, 106 

.. 107 

197, 198 

.. 312 

.. 190 

.. 190 

189-191 

189, 190 

.. 189 

.. 189 

192, 193 

.. 183 

.. 289 



Calcimeter, Dietrich's 

„ Faija's Dietrich 

„ Schiebler's 

Calcination, effect of .. 

Candlot on effects of gypsum 

Candlot's specific gravity flask 



60, 6i 
61-66 

57-59 
.. 71 

232-239 

251, 252 



n 



if 



ff 



» 



» 



j> 



Index. 

Carbonic acid in cement 

Carey's sack system of construction . . 

Catchpits for sand 

Cement and sea-water ,. 

Brazier and Messent on 
Faija on 
Michaelis on 

Cement ganger, FaijVs 

„ testing, object of 

Cements, analyses of various 

Chalks, various. Ses Analyses. 
Chemical composition of cement important 
Clays, various. Sse Analyses. 
Clinker, colour and appearance of .. 

„ picking tables 

Coal, use of, for calcination .. 
Coarse particles, relative value of .. 
Coke-ash, affects cement 
„ analysis of .. 
Colour, effect of over-trowelling on .. 
», „ insufficient calcination on 

„ " foxy,** cause of 

Concrete, attention to setting essential 
effect of temperature on .. 
in sea-water, Carey's method 

„ Coode's method .. 

plastic, Kinipple on 
„ Smith on .. 
reset, Faija on 
water used for 
Continental form of briquette 
Conveyors, band and spiral .. 
Coode, block system of construction 
„ test for soundness 
„ weight per bushel apparatus 
Cormorant mill (Hoyle's Patent) 

Crushers, Blake-Marsden 

„ improved . . 

gradual feed desirable 
Crushing press .. 

rolls, Neate's 

strain 



99 



99 



>, 



>, 



99 



Deacon's method of aeration 

Deval test 

„ modification of 
Dietrich's calcimeter .. 



355 

266, 267 
.. 317 

- 33 
312-317 
.. 312 

313, 314 

315, 316 

194, 195 
.. I5J 

14-27 
.. 257 



• • 


105 


• • 


104 


■ • 


77 


• • 


178 


• • 


70 


69,70 


• • 


255 


. . 


256 


• • 


255 


• • 


305 


302-305 


• • 


317 


• . 


317 


• • 


306 


• . 


3" 


• • 


307 


. • 


301 


• • • 


190 


. • 


119 


• • 


317 


• • 


166 


243, 


244 


• • 


125 


105, 


106 


• • 


107 


. • 


no 


• • 


217 


108, 


109 


217, 


218 


294, 295 


166, 


167 


. • 


168 


• • 


60 



356 



Portland Cement. 



Dietsch kiln 






• • 


• ft 


92,93 


Drying floors .. 






• • 


ft ft 


71-73 


„ steam 






• • 


ft ft 


147, 148 


Dry process of manufacture .. 






• • 


ft ft 


147-154 


Dynamic grinder, Neate's 






ft • 


■ ft 


131, 132 


DutruUe & Solomon's edge-runner 


miU 




• • 


• • 


129, 130 


Edge-runner mills, Dutrulle & Solomon's 


• ft 


• • 


129, 130 


„ „ Taylor and Duffield's 


ft • 


ft • 


.. 134 


Elevator wheel .. 


• • 


• • 


ft ft 


• ft 


.. 38 


Elevators, belt .. 


« » 


• • 


■ * 


• • 


118, 119 


„ German type 


• • 


• • 


• ft 


• • 


.. 119 


Excess of water, effect on cement 


• • 


• • 


• • 


187, 


188, 226 


Exports of cement 


• • 


• • 


ft ft 


• • 


'.. 8,9 


Extreme fine grinding, effect of 


■ • 


• • 


• ■ 


177, 182, 


227, 228 


Faija calcimeter 


• ■ 


• • 


ft ft 




61 


„ cement gauger .. 


• • 


• ■ 


• ft 




.. 194 


„ „ testing machine 


• • 


■ ■ 


ft ft 




206-208 


„ form of briquette 


• • 


• • 


ft ft 




.. 190 


„ on adulteration.. 


■ • 


• » 


« ft ft 




268, 269 


„ on " reset " cement 


• • 


• • 


ft ft 




307-3" 


„ on sea-water and cement 


• • 


• • 


ft ft 




3I3» 314 


„ test for soundness 


• • 


■ ■ 


ft • 




.. 161 


„ weight per bushel apparatus 


• ■ 


• • 


ft ft 




243-245 


Fineness, effect of extreme . . 


• • 


• • 


ft ft 


177, 182, 


227, 228 


„ ,y on output 


• ■ 


■ • 


ft ft 




.. 184 


„ „ on setting 


• • 


• • 


• ft 


177, 


, 227-229 


„ „ on soundness 


• ■ 


• • 


ft ft 




174-177 


„ estimation by measure 


■ • 


• • 


ft • 




170 


,y importance of 


• • 


• • 


• ft 




.. 169 


„ method of testing .. 


• • 


• • 


ft ft 




169 


Form of briquette, effect on results 


• • 


• • 


ft ft 




.. 191 


Free lime, test for 


• • 


• • 


ft ft 




.. 264 


Freeman's hydraulic grinder .. 


• « 


• • 


ft ft 




i35» 136 


French Government specification 


* • 


• • 


• ft 




.. 340 


Fuel for calcination, coal 


• • 


• • 


ft ft 




.. 77 


•• jj wv/l&C • • 


• ■ 


■ • 


• ft 




" 77 


„ „ gaseous . . 


• • 


■ • 


• ft 




loi, 102 


Gaseous fuel for calcination .. 


• • 


• • 


■ • 




loi, 102 


Gauging cement, effect of excess of water 


■ • 


ft ft 


187, 


188, 226 


Gault clay, analysis of . . 


#• 


• • 


ft ft 




.. 15 


Gauze-wire, thickness of 


• • 


• • 


• ft 




172 


German standard speciflcation 


• » 


• • 


ft ft 




.. 330 


Gradual reduction of clinker advisable 


• • 


ft ft 




.. 144 



Index. 

Grant^s form of briquette 

Griffin mill 

Gypsum, Candlot's theory on action of 

}, eneci oi >« «• *• •• .• 

" Half-burnt," elimination of 

Heat evolved during setting . . 
Hoffinan kiln .. .. .. 

Hoyle's cormorant mill 
Hydraulic grinder, Freeman's 

Initial set defined .. 
Insoluble residue imimportant 

Johnson's patent kiln 

„ „ modifications of 

Joy's process of burning 

Keate's specific gravity flask 

Kentish Ragstone, adulteration by 

„ detected 

analysis of 
Kiln, Batchelor's patent 
best shape of . . 

X>/1CL9(»1X •• «« a* •■ •• •• 

forced draught .. 

Hoffmann 

Johnson .. .. .. .. .» 

„ modifications of 

methods of loading 

original form of .. 

subsidiary for " half-burnt " 

Kilns, maintenance of . . 

Kinipple on plastic concrete .. 

Le Chatelier's formula for cement 

„ specific gravity fiask 

Lias stone and shale, analysis of 

Lime, percentage of, depends on care in manufacture 

Le Chatelier*s formula 
Newberry's formula .. 



357 



» 



» 



» 



» 



w 



>» 



>» 



» 



Machinery, general arrangement of 
Magnesia in excess undesirable 
Manipulative skill, value of .. 
Mann's gravimeter 
Manufacture, early methods of 



189 


126-128 


237, 238 


232-239 


103, 104 


228-231 


94, 95 


.. 125 


135, 136 


> • • • z^z 


264-266 


78-82 


82-87 


91 


.. 250 


269-270 


272-277 


270 


88, 89 


98,99 


92,93 


.. 97 


94,95 


78-82 


82-87 


83-85 


74, 75 


.• 9^ 


87, 100 


3^ 


.. 259 


252,253 


• • • • 21 


• ■ •• 250 


.. 259 


259, 260 


.. 117 


.. 263 


.. 318 


248, 249 



358 



Portland Cement 



Margetts* slurry sieve . . 




53, 55 


Maturing cement, Deacon's method 




294, 295 


„ importance of 




.. 293 


Marl, Cambridgeshire 




.. 25 


„ Welsh 




.. 23 


Messent on cement and sea water .. 




.. 312 


Michaelis on cement and sea water 




315, 316 


„ testing machine .. 




203, 204 


Michele's form of briquette .. 




.. 189 


„ testing machines .. 




203-206 


n washmiU 




41 


Microscope, use and value of 




273, 279 


Mill, cormorant (Hoyle's patent) 




.. 125 


,^ Griffin 




126-128 


„ tube finishing 




138-140 


Mills, ball 




137, 138 


Millstones, dry 




111-116 


„ „ Addison, Potter & Sons' 


patent 


.. 116 


Jy TVVU •* •• •• •• 


• • • • 


42,43 


„ „ Addison, Potter & Sons' 


patent 


-. 43 


Mud, estuary, analysis of. See Analyses. 




N bate's crushing rolls 


• ■ • ■ 


108, 109 


„ dynamic grinder 


• • • • 


131-133 


Newberry's formula for cement 


• • • • 


259, 260 



Oxide of iron, function of 



261 



Pasley's experiments 
Plastic concrete, Kinipple's .. 
Pumps, slurry .. 
Ransom e's calcination cylinder 
Reset cement, Faija on 

Sample, manner of taking 

Sand test discussed 

Schumann's specific gravity flask .. 

Sea water and cement . . 

Semi- wet process 

Separator, Askham's air 

" Set hard " and " initial set " defined 

Setting properties comparatively imimportant 
„ effect of excess of water on 

„ „ fineness on 

„ „ temperature on ., 

Setting, heat evolved by 



2,6 


306 


45-47 


lOX 


307-3" 


157 


200-202 


250,251 


312,317 


35 


124 


222, 223 


222 


.. 226 


177, 227, 228 


224, 225 


228-231 



Index. 



359 



Seven days* test only, valueless 


.. 156 


Sieve, German type .. 


121, 122 


„ hexagonal revolving .. 


.. 123 


Sieves, excessive use of 


.. 120 


„ thickness of wire of .. 


.. 172 


Sifting, prolonged, effect of -. .. .. .. 


.• 173 


Silica, function of 


.. 260 


Slag cement 


.. 271 


Slag adulteration 


.. 271 


„ „ detected 


273, 278 


Slurry, composition of .. 


69 


„ examples of 


..49-51 


„ pipe outlet 


44 


„ pumps •• 


..45-47 


„ sieve, Margetts' patent 


..53,54 


Slurry testing 


. 48, 55, 67 


Smith on plastic concrete 


.. 3" 


Soundness of cement 


160 


„ „ Coode test for.. 


.. 166 


„ „ Faija test for .. 


.. 161 


„ „ methods of testing .. 


.. 160 


Specifications, author's suggested standard 


290-291 


„ briquettes, age when broken 


.. 288 


», „ when placed in water 


.. 288 


„ fineness on several sieves desirable 


282-283 


„ French Government .. 


.. 340 


„ German standard 


.. 330 


„ initial set desirable .. 


.. 284 


„ percentage of water to be used 


.. 287 


„ setting clauses frequently vague .. 


.. 285 


„ soundness 


.. 286 


„ tensile strength 


.. 287 


Specific gravity, Candlot's apparatus 


251,252 


„ „ effect of age upon .. 


.. 246 


„ „ Keate's apparatus 


.. 250 


„ „ Le Chatelier's apparatus .. 


252, 253 


„ „ Mann's apparatus .. 


248, 249 


n „ method of estimating 


.. 247 


Steam drying floor .. 


147, 148 


Stoke's calcination cylinder .. 


.. 102 


Sugar, effect of, on cement 


.. 158 


Sulphuric anhydride, effect of 


261, 262 


Taylor & Duffield's edge-runner mill 


.. 134 


Temperature, effect on setting 


224, 225 


Tensile strength, accurate fit of clips necessary .. 


.. 209 


„ „ effect of strain speed upon 


210,211 



36o 



Portland Cement. 



Tensile strength, object of testing for 




.. 185 


,y ,, of various cements 




213-216 


„ „ progressive desirable 




.. 185 


Testing cement, early methods 




6 


„ ,, object of 




.. 155 


„ . machine, Adie's 




202, 203 


„ ,, Dr. Michaelis' 




203, 204 


,) 1) Faija's 




206^208 


,, „ Michele's .. 




203-206 


Transverse stress 




220, 221 


„ „ machine for testing 




.. 219 


Tube finishing mill 




138-140 


Unsoundness, causes of 


• • • • 


164, 165 


„ distinct kinds of 


• V • • 


164, 165 


Warehouses, arrangement of 




144, 145 


Washing, examples of . . 




49-51 


„ importance of thorough .. 




.. 4« 


Washmill 




..30 


„ grating 




.. 37 


„ harrows, various- .. 




.. 39 


„ Michele's patent .. 




.. 41 


Weight per bushel, Coode's apparatus 




242, 243 


„ „ effect of age on .. 


• • * • • 


.. 240 


„ „ „ fineness on 




.. 241 


„ „ Faija apparatus 




244-245 


„ „ only of value to manufacturers 


.. 241 


„ „ sieve apparatus 




245, 246 


Wet process 




..29-34 


Wetstones 




42 


„ Addison Potter's patept .. 




.. 43 


„ dress of 




.. 43 


Wheel elevator 




.. 38 



LONDON : PRINTED BY WILLIAM CLOWES AND SONS, LIMITED, STAMFORD STREET 

AND CHARING CROSS. 



PORTLAND CEMENT MANUFACTURERS. 



AND 



MAKERS OF PLANT, MACHINERY, ETC. 



TJSED nr ITS FBODirOTIOH. 



't- 



PAGE 

Adie, Patrick. Broadway Works, Westminster, S.W. 6 

Armfield, J. J., & Co. Ringwoody Hants , .. .. 35 

AsKHAM Bros. & Wilson, Ltd. SheffUid 10 

AvERTy W. & T., Ltd. Digbeth, Birmingham • i 

Bailey, W. H., & Co., Ltd. Salford 11 

Barron, F. C, & Co. 9 St. MUdreis Court, Poultry, B.C. .. 27 

Bradley Pclvbrizer Ca 37 Walbrook, E.C. 12 

Bryan Corcoran, Ltd. ^i Mark Lane, B.C. 26 

fiURHAM Brick, Lime and Cement Co., Ltd. 7 Nicholas Lane, 

EC. ,3 

Casebourne & Co., Ltd. West Hartlepool .. .^ .. .. 25 

CuRRiE, H. F., & Co. Albert Buildings, Preesotis Row, Liverpool 14 

CuRRiE, Joseph A«, & Co. Edinburgh 15 

Earle, G. & T. Pier Street, Hull 3 

Eastwood & Co., Ltd. ^t Belvedere Road, S.E 24 

Francis & Co., Ltd. Bridge Foot, Vauxhall, S.E 23 

Fried. Krupp Grusomwerk. 62 Cannon Street, E.C 8 & 9 

Gilchrist, Alex. 2T E^nton Street, Glasgow 27 

Greaybs, Bull & Lakin. 13 South Wharf, Paddington, W. .. 22 

Greening, N., & Sons, Ltd. Warrington 2 

Griffin, Jno. J-, & Sons, Ltd. 20-26, Sardinia Street, Lincoln's Inn 

Fields, W.C. 28 

Harling, W. H. 47 Ftnsbury Pavement, E,C. 29 

Imperial Stone Co., Ltd. East Greenwich .. 20 

Knight, Beyan & Sturge. 17 Leadenhail Street, E.C. 32 

2 V 



- I 



LIST OF ADVERTISERS (conHnuid). 

Neate, Percy J. Rochester 5 

Nelson, C, & Co., Ltd. 16 South Wharf, Paddington^ W. .. 16 

Patent Indurated Stone Co., Ltd. MillwaU^ E. si 

Patent Victoria Stone Co., Ltd. Hamilton House^ Bishopsgate 

Street Witkout, E.C. 19 

Phosphor Bronze Co., Ltd. Sumner Street^ Southwarh^ SE. .. 31 

Pratchitt Bros. Carlisle 30 

St. George's Ironworks, Ltd. Manchester 34 

Salter, George, & Co. loi Leadenhall Street y E.C.; and West 

Bromwich 36 

Sankey, J. H., & Son. Essex Wharfs Canning Town, E. .. . . 33 

Sommerfeld, L. 2 Fowkes Bdgs.^ Great Tower Street^ E,C. .. 37 

Spon, E. & F. N., Ltd. 125 Strand^ W.C, 39 & 4^ 

Stamm, W. 62 Cannon Street^ B.C. 8&9 

Stuart's Granolithic Stone Co., Ltd. Ei^ient Doch^ Zime- 

house, E. 17 

The (New) Rainham Portland Cement Co., Ltd. 98 Great 

Tower Street, EC. 38 

Tulloch & Co. 4 Fenchurch Avenue, B.C. 39 

Werner, Pfleiderer & Perkins, Ltd. 117 Queen Victoria 

Street, E.C .. 7 

Whitm ORE & Binyon. 64 Mark Lane, B.C. 4 

Wood's Patent Mills and Engineering Co., Ltd. Stockwith- 

on-lVent i8 

Worthington Pumping Engine Co. 153 Queen Victoria Street, 

B.C. 40 

Wright & Ca of Southwark, Ltd. 157 Soutkwark Bridge Road, 

SB. : 41 



ADVERTISEMENTS. 



The "AVERY" 
AUTOMATIC CEMENT SCALE 




The only English Machine yet 

made to Automatically Weigh 

and Discharge Cement. 



FULL PARTICULARS AND ESTIMATES FREE 
ON APPLICATION TO 

W. & T. AVERY, EP 

DICBETH, BIRMINGHAM. 
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patent steet elevator 
Belting. 
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ADVERTISEM ENTS. 



WHITMORE & BINYON, 

64 Mark Lane, London, E.G. 

Works,:— AVICKHAM MARKET, SUFFOLK. 

Talasrmmi 1-" AOOBI.BSATB, LOmiON." 

"■woaxa, wioxHAic kakkbt." 

Manufacturers of Machinerv for the Treatmemt of 
Cement ano Kindred Materials. 




MACHINES FOR DRY PROCESSES- 

Stone Breakers, Horizontal Stones, and Edge Runners, Crushing and 
Pulverising Rolls, and Disintegrators. 

MACHINES FOR WET PROCESSES- 



DRESSING MACHINES- 

Cylinder Machines, and Centrifugals, Shaking Sieves, and Patent 
Separators. 

SUNDRIES- 

Pumps, levator Wheels for slurry. Hoists and Lifts, Elevators (chains 
or bands), Conveyors (worms, troughs or bands). Dust Collectors, 
Wei^wrs, &a 

SHAFTING, GEARS, PULLEYS. 



Estimates Free. Drawingq at Moderate Obarges. 
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PERCY J. NEATE, 

Consulting and Mechanical Engineer, 

Offioe and Worki : ROGHESTEB, EHGLUID. 

Patentee and Sole Manufacturer of 

DYNAMIC GRINDERS. 




ExhiLustive teste hare ehown this machine to be capable of grinding 
over 6 tons per hour of fine PortlaDd cement, and delivering it cool, 
wiUi leaa engine pover and coal consumption than is required to grind 
60 cwt per hour with millstones. 

Dynamic- grinders having an aggregate capacity of over 300 ■ 000 
tons per <i-T<iniiw. have been built for the cement trade up to 
January, 1898, in two einee. The cut above represents the larger 
size, but a smaller pattern is aUo made, capable of replacing burr 

stones on existing Hursts^ 

IHFBOVED BOLLEB OBUSEEBS AND OHAIH ELETATOfiB. 

5EATE AflD WILDEBS' PATENT FEEDHQ GEABB. 

WOBM ADD BELT 00NVET0B8. 

L0NQ-DI8TA50E CHALK A5D SLDEBI ?iniPIH& PLANTS. 

POWER TRASSHISSIONS OF ALL DESOBIFTIONS. 



SITES SELECTED. REPORTS MADE. 

CEMENT FACTORIES DESIGNED AND CONTRACTED FOR 

THROUGHOUT, 

lllnstrated Circnlars mailed to any part of the World. 

Tbleoraphio A0DRE88 ; "NEATE, ROCHESTER." 



ASVKBTI3IMENTS. 




PATRICK ADIE, 

Broadway Works, Westminster, S.W., 



MANUFACTURER OF 



Cement Testing Machines and Appliances 



QOTernmentt London Oonntj Ooiuoil, Oemeat Ibnnfaotiinn tad OostiMton. 
KAOEIIIHI OT TAKIOTTB BIZZ8 AOOOBDnTO TO SIQIIIXEXEKTI. 



Goodman's Patent Automatic Cement Setting Test. 

Agent (or Arnold's Patent Cement Gauging Apparatus. 

Mathematical and Scientific Instruments of all kinds. 

Models and Experimental Work for New Inventions, &c. 



8EHD FOB ILLUSTRATED PRICE UST OR OTHER IHFORIUTIOH. 
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Werner, Pfleiderer, & Perkins, 

LIMITED, 

EXvemvE e:x£S, 

PATKirtBZB AHD BOLX ICAKUTAOTUBIIRB Or THS 

"UNIVERSAL" MIXING MACHINE. 

Lai^sly oaad for mixiii^ C«m«nt, Clay, ArdfloiEJ 

Cemont.StoneB, Bath Brink, Dry Sand, Hortar, Non-oondactin^ 

Gompodtloiis, Pntty, Paints, Ac, fto. 




"lTnlT«ia&I, ' Type TI , In worUnS' poaltlon. 
MADE IN KUMER0U8 SIZES, FROM A FEW LBS. UP TO 3 TONS CAPACITY. 



THE "SFIBAI BBUSH ' SAND WASHER, 

FOR WASHING AND SIFTING SAND, &c. 



VBITE TOR PABTI0UI.AB8 TO 

Werner, Pfleiderer, & Perkins, 

LIMITED, 

Heai OmcEt: 117 QUEEN VICTORU ST., LONDON, U. 

T«l«grspUc AddleH: " ENKADIHGLT, LONDON." 
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Fried. Krupp Grusonwerk, 

MAGDEBURG-BUCKAU (GERMANY). 

SPECIALITY : 
COMPLETE INSTALLATIONS OF HACHINERT 

ton 

PORTLAND CEMENT WORKS 

According to dry, moist, and wat processes. 



During tb« Uat three years the Works have supplied or are supplying, in 

Oennany snd elsewhere, 30 INSTALLATIONS of Hacbinery for Qrindinc 

Raw Material and Clinker. 




PJLIENT GRIT HILLS, for GiincUBg TailingB, &c. 

PATENT BALL HILLS, with oontinnons Feed and 

Discharge (nomber supplied 1400). 

(Sm TnrtMonAL on next pag*.) 



DUST SEPARA TORS. 

Boiler Hilli with T««th, DiTidin^ and Mixing Apparatai. 

Hoistening Machines, Stones, Sizing AppUanoBB, 
Backet ElevatOFB, Feeding Screws, Brick Presses, 
Stone Breakers, Tipping Lifts, 

Lifts for Kilns, Washing Machines, BUos. 



FOR ALL PARTICULARS APPLY TO— 

Sole Agent, W. STAMM, 

2S COLLEGE HILL, CANNON STREET, LONDON, E.C. 
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Fried. Krupp Grusonwerk, 

MAGDEBURG-BUCKAU (GERMANY). 



TESTIMONIAL. 

THE LONDON PORTLAND CEMENT CO., LTD., 

London Office: 123 BiSHOPSGATE Street Within, E.C. 

London Depdi: CANTEEBdRY Wharf, Lambeth. 

Works: NoRTHFLEET, Kent. 

Northflset, December 13M, 1897, 
Dear Sir, 

In reply to your request for particulars with reference to the 
working of the four Ball Mills, No. 5, supplied by you in 1893, I am 
happy to be able to state that since using them as preliminary coarse 
grinders for our Tube Mill finishing plant, they have given every 
satisfaction. 

Not only have they worked most efficiently as regards output, but they 
have required less attention, and the life of the grinding plates has been 
lengthened in a remarkable degree. 

I append a few particulars of output, horse-power, &&, which may be 
of interest. You are free to use them. 

Output^ per mill, fitted with No. 16 and 30 mesh sieves, placed 
alternately, Experimental : 46^^ cwt. per hour. Actual : From 40 to 45 cwt 
per hour. 

Horse-power: About 20 per mill. 

Life of Plates : About 4 years. (In our Mills Nos. 3^ and 4, which 
were started in October 1893, we are only renewing the plates this month.) 

Cost of Attendance is very small; one man taking charge of our 
entire plant 

Stops and Repairs^ apart from the renewal of plates, are trifling. 

Trusting that these particulars will be of service to you, 

Yours truly, 

For The London Portland Cement Co., Ltd., 

{Signed) G. L. ANDERSON, Manager. 
Mr. W. Stamm, 

62 Cannon Street, E.C. 
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ASKHAM BROS. & WILSON, 

LIMITED, 

flDaheta of plant an^ flDacblneri^ for 

QRINDINQ, CRUSHING & SEPARATING 

PORTLAND CEMENT, &c. 




THE' "STAG" PATENT SEPARATOR 

Can be worked in connection with all kinds of 
Giinding Machinery and Millstones, 

WIU SZPABATI TO ALMOST UT lEOREX 

07 FIBEHESS. 

KAOX OF STBOKS SHEET STEEL. 

WEAX AID TEAS ABSOLUTELY TKIVIAL. 

THX HOST ECOIOnCAL KACHOri 11 

THE HAHKET. 

SIEVES EKTIRELV DISPEKSED WITH. 



SOLE MAKERS OF 



THE "STAC " PATENT TUBE MILL 

For producing extremely Fine Cement. Output aJJ to 3 tons per bour. 




ASKHAI'S 

PATENT 

"TIQER" 
MILL 



For Grinding 
Cnuhed Cement 

Clinker. 



STOHE BREAKERS, ELEVATORS, COMYORS, SHAFTING, Ac. 

Teleeraphic Address: OUE'CdETI W\ ABC Code, 4th Edition. 
"Askhun, ShcSield." OribmCkV* Engineering Teleg. Code. 



ADTERTIBBHEKm 




Bailey's testers 

FOR TENSILE AND CRD8H1N0 TESTS. 

Ab used by the Brttlah and Foreign OoTonuiiflnta, 

MuQlcipa,! Authorities, LocaJ Bottd*, Bailwar 

Companies and Public WorkB, te., Oonbftaton, 

throughout the Uoited E 



REID & BAILEY'S 




TESTER 



FOR TENSILE STRAINS. 



Takes lin. x lia.uid Uin. x liio 
liriqnettef. 



W. H. BAILEY & CO., LIMITED, 

Albion Works, SALFORD, MANCHESTER. 
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THE BURHAM 

BRICK, LIME AND CEMENT CO. 



Limited. 



7 NICHOLAS LANE, LOMBARD STREET, LONDON, E.G. 

Burham Work, near Aylesford, Kent. 



LONDON DEPOTS— 



BURHAM WHARF, Belvedere Road, Lambeth. 
VICTORIA WBARF and Draw-Dock^ Mine Elms. 



PORTLAND CEMENT. 



Grey Stone and White Flare Lime. 



GREAT GULAND GUFF HYDRAULIG LIME. 



Gault and Clamp Burnt Bricks. 



PETHEH'S ORNAMENTAL BRICKS, 

•tc. 
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PORTLAND CEMENT 



H. F. CURRIE & CO. 



OFFICES— 



Jilbert Buildings, Preesoti's Rou), 



STORES— 



Rood Scotldt Cannltig Dock, 

LIVERPOOL. 




Telegt«.phio Addresft— m!^/ IJSM \>-j| Telephon«- 

" QUAUTY, LIVERPOOL." 1^1 iC /^ No. 1889. 



IfCmdon Portland Cement, Plaster of Paris, 
Gypsnm, Lime, Pavement, Bricks, Crashed 

Fire-Clay Goods, Slates, Whiting, China Clay, fto. 



DOUBLE LEVER AUTOMATIC CEMENT TESTING MACHINES 

AND ARNOLD'S PATENT TESTING PUNT. 

»^/^/^y^^^v^/v^/^/^/^/^/^/v^/^/^/^/v^'^/v^/^/^•vA/v^/^/^/»/v^/^/v^/^/v/^•^/^/v/« 

SPECIAL FACILITIES FOR EXPORT ORDERS. 



Ov^r SOfOOO Tons supplied to Manchester Water Works, Liverpool Corporation, 
Mersey Tunnel Extension and Mersey Docks and Harbour Board. 



ADVERTISEMENTS. 
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CHARLES NELSON & CO 

LIMITED. 




NELSON'S 

HEkVY PORTLAND CEMENT {Sol 

NELSON'S 

BLUE LIAS LIME. 



NELSON'S 

SELENITIC CEMENT. 



WOBES AND HEAD OFFICE— 

STOCKTON, NEAR RUGBY. 

BRANCH OFFICES AND WABEHOTTSES— 

LONDON . . 16 South Wharf, Paddington, W. 
MANCHESTER Lawrence Buildings, 2 Mount Street. 
BIRMINGHAM Cambrian Wharf, The Crescent. 



DeliTery by Rail and Canal to all parts of the Kingdom, and 
in London, Manohester and Birmingham by oart. 



Telegraphlo Address : NELSON, STOOETON, BUaBY. 
Telephone No. for London : 185 Paddin ton. Telephone No. for Birmingham : 1I02. 
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STUARTS PATENT 

Granolithic Fire-proof Flooring 




3^ 




> 4HMJLBD SrgBL JO/WTS ^^a»«««W Btmm </ Grmf^lUJkU "T 
. iO ^ 

PANELLED FLOORS, 

as above, made to span LABOE INTEBVALS without 
INTERMEDIATE STEEL JOISTS. 

THESE FLOORS ARE PERFECTLY FIRE-PROOF. AND OF 
EXTRAORDINARY CARRYING CAPACITY. 

These Floors are suitable for HOTELS, LARGE MANSIONS, and PUBLIC 
BUILDINGS of all descriptions where Ceilings are required of an ornamental 
character. They can be laid with FINISHED WORKING SURFACES, or left 
for Mosaics or Wood, etc 

i Awo UPWARDS I 

ARCHED FLOORS, 

as above, made to any span, and to carry HEAVY LOADS, with 

Finished Working Surfaces. 

These Floors are suitable for WAREHOUSES, MALTINGS, GRANARIES, 
and MILLS, etc., where very heavy loads are common. They can be made suitable 
for any load per Square Foot. 

STUART'S FIRE-PROOF FLOORING has been employed in large 

and Important Buildings in the Kingdom. 

Over 3,000,000 super, feet ooutnioted on the above Syitsms. 

Esfimafes and Designs free on application to 

STDART'S eMNOLITHIC STONE CO, Ltd. 

REGENT'S DOCK, LIMEHOU8E, LONDON, E, 

And at 8 Torphichen Place, Edinburgh. 

2 2 



ADVEKTISEMENTS. 



WOOD'S PATENT MILLS 

AND ENGINEERING CO., LTD. 
STOCKWITH-ON-TRENT, GAINSBOROUGH. 

MANUFACTURERS OF PATENT MILLS FOR GRINDING 

PORTLAND CEMENT, 

BARYTE8, BASIC 8LAQ, ROCK PHOSPHATES, 



uid Kll Idnda «f hard and Fefr&ctopy tubttuieei. 



AT FRSSBKT I.V 




OVER OR UNDER DRIVEN. 

Self-coiitain«d, Automatic, consiBting of Mill and Separator, and ao 

doing away vith sievei and scre«ns and their conseiiuent 

trouble and expense. 



Output: 1 TOH and UPWAEDS per HOTIE, 

85 per cent of which will pass through sieve 10,000 to 7 sq. inch. ■ 

ELEVATORS, CONVEYORS, MIXERS, j 

TIP a HOPPER WAQONS, 
TURNTABLES, POWER & HYDRAULIC HOISTS, 
SHAFTING, PULLEYS, TANKS, Ac 
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PATENT VICTORIA STONE 

(Established 1868). 
BegiBtered Trade Mark: <<VICTOBIA STONE." 

BBOHZS MEDAL : flaniUrr EzhiMtioB, 1B88. 

The only Medal at the International Health Exhibition for Artifloial Flag Stone, 1884. 

The only Medal for Artiileial Stone Paying at the Leicester Exhibition, 1885. 

CFOLD MEDAL: International Exhibition, Cryetal Palaoe, 1884. 

eOLD MEDAL : Bnildins Trades Exhibition, 1888. 

By Appointment to the Health Exhibition, 1884. 

eOLD MEDAL: International Exhibition, Alexandra Palaee, 1888. 

Diploma of Honour International Fisheries Exhibition, 1888. 

By Appointment to the Boyal Agrienltnral Society. 

GOLD MEDAL : Mining and Metallnrgy Exhibition, 1880. 

GOLD MEDAL: BnildLig Exhibition, Manchester, 1896. 

GOLD MEDAL: Earl's Conrt, 1897. GOLD MEDAL: People's Palaoe, 1898. 

ALL KINDS OF ARCHITECTURAL WORK 

To Match Portland and Red and Yello^v Mansfield 
Stones and other pleasing Colours. 

THE PRICE IS LESS 'THAN BATH STONE. 



A rohifecfs' Designs executed with the Greatest Care in Various Colours. 

THE LARGEST 

ASYLUMS, SCHOOLS, BARRACKS AND THEATRES 

in England. For Staircases, Landings, Steps, Sills, Heads, and Paving. 

Indurated Concrete Slabs and In-Sitn PaTig. 

In view of the extension of powers under Local Goyemment Acts to comparatively 
rural districts, the Company manufacture, on a large scale, cheap and useful first-class 
Concrete Slab Paving, and lay Pavine in situ, in order to meet the requirements of 
places where traffic is less severe, and wnere the first cost is of importance. 

Paving on deferred payments extending over twenty yean* 

Ita ooat is 15 per oent. less tlian Tork Stone, and its dnrabHity has been 

proved to be 83 per oent. greater. 
It has two fair imn avd cak bb basilt LAm. THIRTY TEARS' svmaxoB or wbax in Lgvdoh. 

Laid on London BridgOp where the Foot Traffic exceeds 126,000 Passengers 
per day-rthe heaviest traffic in the world ; and idso on Hew Tower Bridge. 
This Payement will last a century in ordinary Snbnrban Beads. 

TENSIIjB STBAIN.—Tbe ayerage of 10 briqaettes (pide •'Raid on Concrete ") wm TM Ita. per 
•qnare inch in 1879, but baa now reached 1230 Ita. per square Inch. 

O&XJSHINa STBAIN.— See Mr. Kirkaldy's Oertlflcate, May 38. 188T» 8,821 Iba. per cubic Inch. 
ABSOBPTION.— Bolk of Water abeorbed as compared with balk of atone, per cent., 1*3. 

For Prices, tee LA ILTON, amd othtr Price Book; 

THE PATENT VICTORIA STONE CO., Ld. 

OFVtCBt: 

10| 11, 12 k 13, HAMILTOir HOUBE, BISHOPSaATE ST. (Without), E.O. 

TnxPBOiia No. 2366, AVENUE. 

»^b. . J Stratford Market Station. Oreat Eastern Railway. 
wrvTK* . ^ Qr^ijy Quarries, near Leicester. 

BroMch Officei :—Toiwtr Buildings, Leicester; and 43 York Street, Manchester. 
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LATE HODQE81 BUTLER AND DALE. 




THE 



IMPERIAL STONE CO 



LIMITED. 



Works: EAST GREENWICH, 

LONDON, 8.E. 



J. W. BUTLER, Managing Director & Secretary. 

IMPERIAL STONE PAYING. 

SIZES. 

ft. in. ft. in. ft. in. ft. in. ft. in. ft. in. 

36x20 I 26x20 I 16x20 

30X20 I 20x20 I 10x20 

Imperial Stone is the best in the Market, the most like Natural Stone, and is sold 
at the works at 6d, per super, foot. 

AXTTHENTICATBD TESTS. 

Oraflhiiig Btrain 9492 lbs. per square inoli 

Tensile strain average of 26 briquettes 980 lbs. per sqoare inoh 



Eirkaldy. 
Fa\ja. 





SILICATED 


STONE 


PIPES. 






2 feet Lengths and upwards. 










PRICES. 






izes. 

6 

9 
12 

15 
18 


Price per ft. 

run. 

X. d. 

06 

10 
12 

1 10 
29 


No. of Pipes 
to a ton. 

26 
18 
12 


Sizes. 

21 

24 

27 

36 
42 


Price per ft. No. of Pipes 
run. to a ton. 
J-. d, 

3 9.-9 

6 3 .. 6 
80 4f 

10 si 

12 




Bends, 


Elbows, 


and various J 


unctions. 





Tk^ Company has a large Stock of the undermentioned Goods : 
STEPS AND RISERS. LANDINGS. SINKS. COPINGS. 

KERB AND CHANNELLING) any sizes of which not on hand, can be made 



to order. 



PETROSILICON (Laid «in Situ"). 

This Stone is specially adapted for Railway Platforms and Goods Sheds, Stable 
Floors, Corridors, Yards, Areas, Basements, Cow Sheds, Landings, Gun Platforms, 
Carriage Ways, Reservoirs, Garden Paths, Tan Pits, Paper Vats, Coach-houses, and 
PubUc Side Walks, &c. 



«>i^S^"^^ S^"^ \^ %/ \ 



PRXOSS GIVJEN ON AI»r»L I CATION. 
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PATENT INDURATED STONE 



Patent Indurated Slab Paving 

Made by Machinery, and hardened by the Com- 
pany's special chemical processes. 

Thoroughly matured Slabs , is. per yard sup, at Works, 
CRUSmNO STRAIN IT 8 MONTHS, 7184 LBS. PER CUBIC INCH. 

Concrete Sanitary Tubes 

In 2-feet lengths. 

Sizes 15 in. 18 in. 21 in. 24 in. 30 in. 36 in. 

Per ft. l/8i 2/8 8/7 4/1^ 5/3 6/11 

Tests for Porosity 

Made by Messrs. D, Kirkaldy & Son, show an 
absorption of only 1 • 75 by weight. 

Patent In Situ Paving 

Laid in various thicknesses, according to traffic. 
The best, cheapest, and most durable paving for 
Stables, Yards, School Playgrounds and Corridors, 
Warehouses, etc. etc. 

Staircases 

Built In Situ ; and all kinds of Window Sills and 
Heads and other Architectural Work kept in stock 
or made to pattern. 



MANUFACTURED BY THE 

PATENT INDURATED STONE CO., Ltd. 

Offices, Works and Sidings : 

MILLWALL, LONDON,. E. 

TelegramB-PETRIPY, LONDON. 
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GREAVES, BULL, & LAKIN, 

Mann&cturers of Qreaves' Blue Lias Lime, and Portland, 
Selenitio, Lias, and Boman Oements. 



POSTAL ADDSESSES. 

Cki»f Office I 



LmuUm Dtpot : 

13 SOUTH WHARF, PIDDINOTON. 

Btrmiftgham Depot: 

WORCESTER WHARF. 



TELEGRAPHIC ADDBESSES. 

" GREAVES, WARWICK." 

"LIAS, LONDON" 

(Telephone No. 138, Paddinqton). 

"GREAVES, BIRMINGHAM'* 
(TEiEPHONE No. 846>. 





GREAVES' BLUE LIAS LIME WORKS 

Are dtnate at Harbnry, Wilmoote, and Stockton, in Wftrwitkshire, 

AND ARE THE MOST E XTENSIVE WORKS OF THE KIND IN THE KINGDOM. 

THEIR Lime has been very largely used for upwards of sixty years in important works, and ies 
superior quality and EMINENTLY HYDRAULIC character have been admitted by the leading 
Ennneers and Architects during that period. 

Grbavbs. BuLLy & Lakin also manufacture (from their Blue Lias Limestone) SELEHITIC LUCK 
(sometimes known as Patent Selenitic Cement), which, since the expiration of the Patent, has become » 
very cheap as weU as excellent material for MORTAR, CONCRETE, and PLASTERING WORK. 

FULL DIRECTIONS FOR USE ON APPUCATkON, 

GREAVES' PORTLAND CEMENT WORKS 

Were one of the first established in the country (Sir C. W. Paslby, in his " Treatise on Cement,** 1847 
edition, mentions them as one of the first three> Within recent years they have been greatly enlarged 
and supplied with special machinery to ensure the FINEST GRINDING, and Greavcs*^ Portland 
Cement is known as one of the best, strongest, and most reliable Cements. 

The following are a few of the works in which the above have been recently used : 

LIME. CEMENT. 

Government (Lighthouse and other Liverpool Waterworks (Osvt^estry ft Vymwy)» 



work8> 

London County Council (Clerkenwell Street 
Improvements and Blackwall Tunnel, ftc.)* 

London School Board. 

City ft South London Electric Railway, Cen- 
tral London Railway (used neat as a grout). 

Queen Anne's Mansions (suj;>erstructure). 

Large Export Orders for Africa ft S. America. 



Manchester Waterworks (Thirlmerc Aque- 
Manchester Ship Canal. [duct}* 

Birmingham Cable Tramway. 

SELENITIC. 
Darenth Asylum Hospital (Dartford). 

gueen Anne's Mansions, 
ondon County Council Works (plastering> 



Most qftke Principal Railway Campanits, and many Town Councils ^ Local Boards of Healthy ^c. 
Prompt delivery by Rail and Canal to all parts of the country (in owners' covered trucks and boauX 
and by Cart in London and Birmingham. Export Orders undertaken at the shortest notice* Equal 
facilities for shipptog at London, Liverpool and Bristol. 
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GOLD MEDAL— PARIS EXHIBITION, 1889. 

PORTLAND 

CEMENT, 



Roman, Medina, Parian, 
Keene's Plaster and Whiting. 

Il«- The Old Nine Elms Brand. -«] 

PRIZE MEDALS- y^lS^V PRIZE MEDALS- 

LOHBOH, I8SI. /gii.iSElM CAICUTTA, 1883. 
FHILASELPHIA, 1878. VoRTUMD tOKmi LONDON, 1884. 
PAEI8, 1878. \^fi0^' CHICA80, 1893. 

— ESTABLISHED ISia — 

FRANCIS & CO., Limited. 

OFFIOES AND WABXHOnSBS— 

BRIDGE FOOT, VAUXHALL, LONDON. 

WORKS— 

CLIPFE-ON-THAME8. 
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Eastwood & Co.. Ltd. 




HEAD OFFICE I 

BELVEDERE ROAD. LAMBETH. S.E. 

All Cement supplied is guaranteed up 
to the Standard Specification. 

Snpplies in any qnantities, either by Barge alongside. 

in Truck Loads, or deliTery on to Works 

in Van Loads, as required. 



DEp6t8 : 

BELYEDEBE BOAD, LAMBETH. ST. MAST'S WHABF, MOBTLAEE. 

OANAL BBEDGE, OLD KENT BD. BLAOEHOBSE LAHE, BIOEMOHD. 

FHCBinX WHABF, GBEEHWIOH. TEDDDrGTOIT. 

OATFOBD BBIDGE, OATFOBD. WETBBIDaE. 

TUFF'S WHABF, WOOLWIOH. LEA BBTDGE, LOWEB OLAFTOH. 

LOT'S BOAD, CHELSEA. HABBINGAT, aiir.B. 

HATDOirS BOAD, WIMBLEDOH. EENSAL WHABF, HABBOW BOAD. 

ILFOBD WHABF, ILFOBD. WEST EHS, Mid. B. 

And SOUTHEBD, GJB.B. 

LIMES, CEMENTS AND BRICKS 

OF ALL DESCRIPTIONS IN ANY QUANTITIES. 
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C0ta&lt0bc& 1863. 



CASEBOMNE & CO., Limited 



MANUFACTURERS OF 



PORTLAND 



CEMENT 



'DIAMOND 
PORTLAN 



Works and Head Offices — 

WEST HARTLEPOOL. 

Wanhouaea — 
LEEDS, HARCOURT STREET. 
BRADFORD, city road Goods station. 
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MILLSTONE BUILDERS 




MILLWRIGHTS 

AND 

ENGINEERS. 



SEPARATORS 

MILLS 

GRINDING 
CEMENT 

RESIDUE. 

MAGNETIC IRON 
EXTRACTOR. 



SEGREGATING MACHINERY. 



WOVEN WIRE. 



SILK GAUZE. 





SJi.Mn,E] TKSXIITO A.FrA.I^Ji,TUS. 



BRYAN CORCORAN, Ltd. 

31 Hark Lane, London, E.C. 



of Ooro Ezobange. 
Badt Ohordi Lane. 
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ALEX. GILCHRIST, 

Bta88tounber, 

25 EGLINTON STREET, GLASGOW, 

Makes a Speciality of all kinds of 

GRANOLITHIC OR CONCRETE 

BRASS PAVEMENT-ROLLERS 

And NAME-PLATES, 

And has Special Machinery for their Manufacture. 

Teeth cut out of Solid. *^ 

STABLE ROLLERS AND GROOVES, 

HAND STAMPS, 
BORDER ROLLERS AND CRIMPERS. 

PAVEMENT NAME-PLATES. 

Any Name and Size, suitable for Builders, Contractors, Plasterers 

and Concrete Workers. 

SEND FOR ILLUSTRATED LIST. 






F. C. BARRON & Co. 



Portland Cement 
Manufacturers. 



WORKS Falcon Cement Works, BAIKHAM, KENT. 

LONDON OFFICE.. .. 9 St. Mildred's Court, Poultry, £.C. 

.. 19 dk 21 Port Dundas Boad, Glasgow. 

.. 36 George's (iuay, Dublin. 

.. 60 Broad (iuay, Bristol. 

.. c/o Earle's Shipbuilding Co., Hull* 

AU Conymunieaiioiu to he made to (he London Offioe, 



GLASGOW STOBE 
DUBLIN 
BRISTOL 
HT7LL 



>> 



»» 

>» 



Telegraphic Address 



"NOOLAF, LONDON." 



Manufacturers of PORTLAND CEMENT of the BEST quality 

and to all Specifications. 
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FAIJA'S CALCIMETER. 



The most practical apparatus eitait. 

SpeoiaUj designed for ease 

and simplicity in manipulation, 

and 80 arranged a& to be 

always ready for use. 




SPECIAL TABLES, 

showing at a glance 

PERCENT AQE of LIME CARBONATE 

in Slurry or Compo. 



APPARATUS 
for TESTING 

Soundness, Fineness, 

Tensile and Crushing 

Strength, 

Setting Properties, 

Weight, 

Specific Gravity, 

Chemical Composition. 



J^'uli Partiatiars and Price Lists on appHcatim, 



JOHN J. GRIFFIN & SONS, LXP 

20-26 Sardinia Street, Lincoln's Inn Fields, W.C. 
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W. H. HARLING'S 

Drawing Instruments 

ARE ACKHOWLEDOED BY ALL WHO USE THEM TO BE THE 

BEST IN THE MARKET. 



Very great Caece is taken in their manufacture, and Every Piece is 
examined by a competent workman before leaving the factory. 



SPECIAL POCKET CASES, containing good aoiud inBtmmentB of m; 
own mannikitiiTe, bnt not extra flnish (noommended) i— 




7ZIA Morocco Case, coDtaioing tlie 

foUowIng eleclium instruments : — 
6-inch double-jointed, Dcedle- 
pointed compass, ink and pencil 
poinb, and lengtbening bat — ink 
■nd pencil double-jointed, needle- 
pointed bows— set of three spring 
bows — hair dividei— two drawing 
pens, and ivory Kale, £3 3a> 

731B Ditto, ditto, bat without lei of 
three spring bows, £3 10a. 

No. 7ZIA. 
717 Mahogany Casb, 7|xs)xi), con- 
taining: — 6-inch electmm pencil 

compass, with double knee-joints 

and needle point, ink point and 

lengthening bar — 5-inch sector joint 

divider'-one each ink and pencil 

needle-pointed bows—one each ink 

and pencil needle-pointed spring 

bows — two drawing pens — 6-inch 

ivory protractor — 6-inch ivory scale 

— two transparent set squares — and 

two pearwood curves, £8. 

No. 717- 
7t7A Mahogany Case, as above, but fitted with plain steel prants to compas*, bowi, 

aild spring bows, and boxwood, instead of ivory, rule*, £3 8a. Sd. 




W. H. HABLING, 47 Flnsbnry FaYement, London, E.G. 

Cmtraclffr ta H.M. War Dipartmtnt, AdmiraUy, Cmneil of India, &v. 

ESTAfililSHED 1861. B«Kd. Teler, Addrua, OI<INOaSAFK, LONDON. 

ILLDBTRITBD CiTlLOQUB of Drawing InitFomenti, Boarda, Bet Bqnapet. 

Th SqnaiM, Drawing Papen, &a., Post Free on applloatlon. 
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CEMENT GRINDING MILLS, 

STONE BREAKERS, 
CHILLED * CRUSHING « ROLLERS, 

DISINTEGRATORS, 

Hoists, Elevators, Conveyors, Pumps, &c., 

EDGE RUNNER GRINDING MILLS 
AND MORTAR MILLS. 



PRATCHITT BROTHERS, 

DENTON IRON WOEKS, 
CARLISLE. 



STEAM ENGINES 
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THE 

PHOSPHOR BRONZE GO 



87 SUMNER ST., SOUTHWAM, LONDON, S.E. 

And at BIRMINGHAM and ETRURIA. 



SOLE MAKERS OF THE 

Original '' COG WHEEL '' and <' VULCAN " Brands 

OF 



PHOSPHOR 



4^ 



4L 



BRONZE 



The Best and most durable Alloys for Slide Valves, Bearings, Bushes, 

Eccentric Straps, and other parts of Machinery exposed to 

friction and wear ; Pump Rods, Pumps, Piston Rings, 

Pinions, Worm Wheels, &c. (See Testimonials.) 

A MALLEABLE QUALITY IN THE FORM OF 

PLATES, BARS, WIRE, TUBES AND STAMPINGS. 



PHOSPHOR BRONZE, DURO METAL, GUN METAL & BRA88, 

To Patterns or Drawings, in the Bongh, or Machined if required. 



ROLLED & DRAWN PHOSPHOR BRONZE, BRASS, GERMAN 
SILVER, GUN METAL, TIN & ALUMINIUM BRONZE. 

BABBITT METAL, "VULCAN" BRAHD, 

PLASTIC METAL, "COG WHEEL" BRAND, 

"WHITE ANT " METAL, cheaper than Babbitt's and equal 
to some Antifriction Metals at far higher prices. 



Please specify &e manufacture of the Phosphor Bronze Company (lAmited), 

to prevent impositton and error. 

2 D 
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KMHT, BEYAN & STDRGE. 

MANUFACTURERS OF 

PORTLAND CEMENT. 



n Leadenhall Street, London, e.c. 



Telegpafna : 

"H0M0QENE0U8, 

LONDON." 




Telephone : 
669 AVENUE. 



P'A.OTOIl'2' J JTOB-T HF IiEBT, ^EITT. 



Special Qualities of this Cement 



Greatest and Long ProgFeBsive Strength. 
Wonderfal Fineness. 

Capacity of taking most Sand, and oonseqnent 
Economy in Use. 

4. Absointe Sonndness and Dorabiiity in Work. 



3. 



The Cement Works of the firm X>{ KnIGHT, Bevan & SturgE 
were commenced in the year 1853 at Northfleet, Kent. Since 
that time the firm have participated in the delivery of Portland 
Cement in the construction of most of the great undertakings of 
the world, wherever this material has been employed. 
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SUPERIOR QUALITIES AND ALL KINDS OF 

FIRE BRICKS, LUMPS, 

TILES AND GUY. 

(Newcastle, Stourbridge, Welsh, Scotch, Silica, etc.) 

^ BOILER SEATING BLOCKS 
ht^ im^^ FLUE COVERS, 

f '^MW SILICA SANDS AND GANNISTER. 

Any Special Design Made to Order. 

AL60» 

Cements, Limes, Bricks, Slates, 

TILES, PIPES, SANDS, 
SANITARY AND FIRE-CLAY GOODS, 

OF EYEBT DESCBIPTION. 



IMPERVIOUS ARTIFICIAL STONE PAYING SLABS 



SANKEY'S INFUSIBLE 

PURE SnJCA FIRE-BRICKS, 

And other Specialities. 



jiliFUSIBLE 
fej^illCA BRICK 



LARGBST, BBST, AND MOST VARIED STOCK IN LONDON. 

Illustrated Sheets on application. 



J. H. SANKEY & SON, 

BSTABLIBHED 1857. 
CONTRACTORS TO THE GOVERNMENT. 

HEAD OFFICE : ESSEX WHARF, CANNING TOWN, L 

Also at North Woolwich, Ilford, East Ham, Horabam* fto. 
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CO 



advertisemekts. 



PORTLAND CEMENT PLANT. 



STONE GRINDING MILLS FOR 

CLINKER, RESIDUE AND CEMENT. 



CEMENT GRINDING ROLLS. 



Special Internal Conveyor for Clinker, Residue 
Blocks and Cement on improved principles, 
rendering choking and blocking impossible. 



CYLINDRICAL SEPARATORS AND VIBRATING SCREENS, 

PULVERISERS AND BREAKING MILLS. 




Full Ftftioolan and Tnon on Applioation aod Eitinutu Tna from 

JOSEPH J. ARMFIELD & CO., 

20 MARK LANE, LONDON. 

Works: RING'WOOD. 



ADVERTISEM ENTS. 



GEO. SALTER & CO. 

WEST BROMWICH. 



Cement Testing 

MACHINES. 




~r 

BYNAMOBUfl'X'EBS fob rsmae vrax, oku>, bope, etc. 
LOGOMOnVB AED ALL xnn» OF SPRING BALANCES. 

/lATT/lTia OH BOUXDOVI AJTD BOKABTBB'8 STSTSKB, FOB REAM, 
UAU VJZlD TACUTTK, QAS, ETC. 

UYilRAUUG eADOBB WITH PAT. KEOEABIBX FOB lUZ. PDnrTES. 

SFaINvS of bteel, phosphob bbobze, etc. 

SPRING WASHURS (THAOBBATB) EBEP BOITB TieHT. 

TUBE SCSAPEBS AND SIGNAL BELLS. 



LONDON OFFICE ^"''room"'"'^ 

lOl UeaaenhaU Cs^t., El.C. 
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TBLEQRAMa 

'<8ton«plts, London." 
<< SommorMId, Hull." 
'< SommorMId, Kins'* Lynn.' 



TBLBPHONB NOS. 

London: 2192 Avonuo, 
Hull: 832. 
Kind's Lynn: 61. 



^ Best "^ 
Portland Cement. 



Guaranteed Tensile Strain: 

400 LBS. PER SQUARE INCH 
AFTER SEVEN DAYS. 



(XXaSBS. HBHBT TAUA ft OO-nS TB8T.) 



For prices, delivered anywhere in the United Kingdom, 

apply to 

L SOMMERFELD, 

2 Fowkes Buildings, Great Tower Street, 

LONDON. E.C. 



HULL: 

SOMMEBFELD ft MEAD, 
8 Prinoe's Dook Chambers. 



KING'S LYNN: 

L. SOMMEBFELD, 
Bank Chambera, Market Square. 



^ ADVERTISEMENTS. 

The (NEW) RAINHAM PORTLAND 
CEMENT Co., Ltd. 




Telegraphic Address— 

"ACHIEVANCE, LONDON." 
Telephone No. 1911 AVENOE. 



-^^^ H:BA.r> omoBs 



Kf. J. ■• TYBBBLL, 

98 6EEAT TOWEE STEEET, LONDON. E.C. 

Works: RAINHAM, ESSEX (alongside River Thames). 
flDanufacturcra of 

High-Glass Finely Ground Portund Cement, 

FOB HOME, COLONIAL AND FOBEIOH D8E. 

All Cement supplied is guaranteed up to the 

Standard Specification, and warranted FREE 

from any admixture of Slag or Ragstone or any 

other adulterant whatever. 

Supplied Jn any guanUtiea, either by Barge, Steamer, or 

Sailing Vessel, at OUR WORKS, or delivered at any 

Port in the Kingdom, abroad, or by Rail. 



' Copy of Spedfloatioii and foil partioiilan vill be forwarded 
at onoe on application. 



m. OOWIUHIOATIOIIS TO BE ADDRESSED TO THE SEOflCTAIff AT THE UHHION OFFIOL 
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TULLOCH & CO., 

4 FENCHURCH AVENUE, 

LONDON, E.C. 

Oable Address— TASQET. Telephone No. 1131 Avenue. 



£ndineer0' anb Hrcbitectd' Hgents. 



Exporters of 

ENGLISH, GERMAN, and BELGIAN 

CEMENT. 

ENQUIRIES PROMPTLY RESPONDED TO. 



NOTES ON CONCRETE 

AND 

WORKS IN CONCRETE. 

especially; wbitten to assist those engaged 

upon public works. 

BY 

JOHN NEWMAN, Assoc. M. Inst. O.E. 

Crown 8vo, cloth, 6s. 
London: E. & F. N. SPON, Ltd., 128 Strand. 
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WORTHINGTON PUMPINfi ENGINE GO. 

1S3 QUEEN VICTORIA STREET, 

LONDON, E.C. 



WORTHINGTON. 



TRADE MARK. 



TELEQRAM8:-"PUMPrNQ, LONDON." 



OATAUKHIES AND KSTIMATKS ON APPUOATION. 




>yY ORTHINGTON PUMPS 

•«<i' -4*^ FOR ALL SERVICES. 
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WRIGHT & CO., OF SOUTHWARI^ 



LIMITED, 



Engineers, Millwnglits and Machinists, 
157 SOUTHWARK BRIDGE ROAD, 

LONDON, S.E. 



MAKERS OF CLARK'S AND OTHER IMPROVED 

Roller Machines 

FOR GRINDING PAINTS, PIGMENTS, INKS, fta 

THE BEST AND STRONGEST IN THE MARKET. 



COLOUR MIXERS, 

PUG MILLS, &€. 

Write for Circulars and Quotations for Paint Machinery, &c. 



■wo^^^w^p^y^^^^^^^^^^^^y^^^^^^ 



ENGINEERING REPAIRS A SPECIALITY. 



Roller and other Machinery, Boilers and Plant 
promptly and efficiently repaired, erected and 
at Reasonable Charges, by experienced Mechanics. 

HYDRAULIC AND OTHER LIFTS AND CRANES. 



